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PREFACE. 


Is  the  following  pnges  I  have  endeavored  to  give  an 
account  of  the  structure  and  activities  of  the  Human  Body, 
which,  while  intelligible  to  the  general  reader,  shall  be 
accurate,  and  sutliciently  minute  in  details  to  meet  the 
requirements  of  students  who  are  not  making  Human 
Anatomy  and  Physiology  subjects  of  B]>cciul  advanced  study. 
Wherever  it  seemed  to  me  really  profitable,  hygienic  topics 
have  also  been  discussed,  though  at  first  glance  they  may 
seem  less  fully  treated  of  than  in  many  School  or  College 
Text-books  of  Physiology.  Whoever  will  take  the  trouble, 
however,  to  examine  critically  what  pas-^es  for  Hygiene  in 
the  majority  of  such  ca5et<,  will  I  think  find  that,  when 
correct,  much  of  it  is  platitude  or  truif<m:  since  there  is  so 
much  that  is  of  importance  and  interest  to  be  .said  it,  seems 
hardly  worth  while  to  occupy  spaco  with  insisting  on  the 
commonplace  or  obvious. 

It  is  hard  to  write  a  book,  not  designed  for  specialists, 
without  rnnniug  the  risk  of  being  accused  of  dogmatism, 
and  some  readers  will,  no  doubt,  lie  inclined  to  think  that,  in 
pcveral  instances,  I  have  treated  as  established  facts  matters 
which  are  still  open  to  discussion.  General  readers  and 
students  arc.  however,  only  bewildered  by  the  production  of 
an  array  of  observations  and  urgumeuts  on  c-ach  side  of  every 
qncstiou,  and,  in  the  majority  of  case?,  the  chief  responsi- 
bility under  which  the  author  of  a  text-book  lies  is  to  aelect 
what  seem  to  him  the  he.'t.  supported  yiowr,  and  then  to 
state  them  simply  and  concisely:  how  wise  the  choice  of 
a  side  has  been  in  each  case  can  only  be  determined  by  the 
discoveries  of  the  future, 

Others  will,  I  am  inclined  to  think,  raise  the  contraiy 
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objection,  that  too  many  disputed  matters  have  been  dis- 
cussed: this  was  deliberately  done  as  the  result  of  an  experi- 
ence in  teaching  Physiology  which  now  extends  over  more 
than  ten  years.     It  would  have  been  comparatively  easy  to 
slip  over  things  still  uncertain  and  subjects  as  yet  unin- 
vestigated, and  to  represent  our  knowledge  of  the  workings 
of  the  animal  body  as  neatly  rounded  off  at  all  its  contours 
and  complete  in  all  its  details — totus,  teres,  et  rotundus. 
But  by  so  doing  no  adequate  idea  of  the  present  state  of 
physiological  science  would  have  been  conveyed;  in  many 
directions  it  is  much  farther  travelled  and  more  completely 
known  than  in  others;  and,  as  ever,  exactly  the  most  in- 
teresting  points   are    those  which  lie  on   the  boundary 
between  what  we  know  and  what  we  hope  to  know.     In 
gross   Anatomy  there  are    now   but    few   points  calling 
for  a  suspension  of  judgment;    with  respect  to  Micro- 
scopic Anatomy  there  arc  more;  but  a  treatise  on  Physiology 
which  would  pass  by,  unmentioned,  all  things  not  known 
but  sought,  would  convey  an  utterly  unfaithful  and  untrue 
idea.     Pliysiology  has  not  finished  its  course.    It  is  not  cut 
and  dried,  and  ready  to  be  laid  aside  for  reference  like  a 
specimen  in  an  Herbarium,  but  is  comparable  rather  to  a 
living,  growing  i)huit,  with  some  stout  and  useful  branches 
well  raised    into    the  light,  others   but   juirt   grown,   and 
many  still  represented  by  unfolded  buds.  ■   To  the  teacher, 
moreover,  no  i)U|)il  is  more  discouraging  than  the  one  who 
thinks  there  is  nothing  to  learn;    and  the   boy  who  has 
** finished'' Latin  and  '*  done"' Geometry  finds  sometimes  his 
counterpart  in  tlie  lad  who  lias  **  gone  through"  Physiology. 
For  this  unfortunate  state  of  mind  many  Text-books  arc,  I 
believe,  much  to  blame:  difficulties  are  too  often  ignored,  or 
opening  vistas  of  knowledge  resolutely  kept  out  of  view:  the 
forbidden  regions  may  be,  it  is  true,  too  rough  for  the  young 
student  to  be  guided  through,  or  as  yet  pathless  for  the 
pioneers  of  th(»ught;  but  the  opportunity  to  arouse  the  re- 
ceptive mental  attitude  apt  to  bo  produced  by  the  recogni- 
tion of  the  laet  that  much  more  still  remains  to  be  learnt — 
to  excite  the  exercise  of  the  reasoning  faculties  upon  dis- 
puted matters — and^'iu  some  of  the  better  mmds,  to  arouse 
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the  longing  to  assist  in  adding  to  knowledge,  is  an  ineati- 
mable  advantage,  not  to  be  lightly  thrown  aside  through 
the  desire  to  make  an  elegantly  symmetrical  book.  While 
I  truflt.  therefore,  that  this  volume  contains  all  the  more 
important  factfi  at  present  known  about  the  working  of  our 
liodioa,  I  as  earnestly  hope  that  it  makes  plain  that  very 
much  is  yet  to  be  discovered. 

A  work  of  the  soope  of  tJie  present  volume  is,  of  course, 
not  the  proper  medium  for  the  publication  Of  novel  facts; 
hut,  while  the  "Humiin  Body,"  accordingly,  professes  to 
be  merely  a  compilation,  the  introduction  of  constant  ref- 
erences to  authorities  would  have  been  out  of  place.  I 
trust,  however,  that  it  will  be  found  throughout  imbued 
with  the  influence  of  my  beloved  mauler,  Michael  Foster; 
and  on  various  hygienic  topics  I  have  to  acknowledge  a 
special  indebtedness  to  the  excellent  scries  entitled  Health 
Primers, 

The  majority  of  the  anatomical  illustrations  are  from 
Ilenle's  Anatoinie  des  Mennchen,  und  a  few  from  Areudt*8 
SchulaiUts,  the  publishers  of  each  furnishing  electrotypes. 
A  considerable  number,  mainly  histological,  are  from 
Quain*s  Anatomy,  and  a  few  figures  are  after  Bernstein, 
Carpenter,  Frey,  Ilaeckel,  Ilelmholtz,  Jluxlcy,  McKen- 
drick,  and  Wundt.  About  thirty,  chiefly  diugnunmatic, 
were  drawn  specially  for  the  work. 

Quantities  are  throughout  exj>res8ed  first  on  the  metric 
system,  their  approximate  equivalents  in  American  weights 
and  measures  being  added  in  brackets. 

H.  Newell  Martiu. 


Baltimore,  October^  1880. 
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CHAPTER    L 

THE  GENERAL  STRUCTURE  AND  COMPOSITION 
OF  THE  HUMAN  BODY. 


I>eflziitions.  The  living  hainun  Body  may  bo  coiigidorcd 
from  cither  u£  two  asjMjctii.  lU  slrncture  nmy  be  esi»cTml- 
ly  exaniiia'd,  and  the  furms,  couiieciiuuH  und  niudc  of 
growth  of  ild  j).'irU  be  Htudied,  as  ulso  the  resomblunoes  or 
dJfTcron(u?s  in  such  respects  which  u|)ppiir  wlieu  it  is  com- 
pared with  other  animal  bodies.  Or  the  living  Body  may 
bo  more  e.^pecially  studied  in  an  organism  presenting  dcli- 
nile  pn'|H.'rtie5  and  performing  certain  actions;  and  then  its 
partrf  will  l>e  invesligalod  with  a  view  to  discovering  what 
duty,  if  any,  each  fulGlls,  The  former  grouj)  of  etudies 
constitntefl  the  science  of  Anatomy,  and  in  w)  far  as  it  dcaU 
with  the  Human  Body  alone,  of  Human  Anaimny:  while 
the  latter,  tl»o  ticienco  concerned  with  the  used — or  in  tech- 
nical langviugo  i\iQ  functions  —  of  each  part  ia  known  as 
Phijat'uduyy,  Cl4)sely  connected  with  physiology  is  Hie 
eck^nce  of  Ihj'jiene^  which  ia  concerned  with  the  conditions 
which  arc  favurahle  to  the  hesdtl^y  aolion  of  the  various 
parts  of  the  Body  ;  while  the  activitica  and  strncturo  of  the 
diseased  bmly  form  tho  subject-matters  of  the  sciences  of 
Pathulogy  and  PaihfAogiral  Anniomy, 

Tissues  and  Organs.  Histology.  Examined  merely 
from  the  out^iide  our  Bodies  prericut  a  coniiiiderable  com- 
pleilty  of  structure.  "We  eti^ily  recognize  distinct  parts  as 
head,  neck^  trunk  and  linibs;  and  in  these  again  smaller 
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eoustitucut  parU,  ae  eyes,  nose,  eara,  month;  arm.  fuie- 
ariu,  hand;  thigh,  leg  and  foot.  We  cau,  with  such 
an  external  examination,  go  even  farther  and  recognize 
ditlei'eut  materials  tus  entering  into  the  formation  of  the 
larger  parts.  Skin,  hair,  nails  and  teeth  are  obviously 
differout  subfitauees ;  simple  examiniition  by  pressure 
proves  that  internally  there  are  harder  and  softer  solid 
parts;  while  the  blood  that  flows  from  a  cut  finger  ehows 
that  liquid  constituents  alj^o  exist  in  the  Body.  The  con- 
ception of  complexity  which  may  be  thus  arrived  at  from 
cxtonial  observation  of  the  living,  is  greatly  extended  by 
dissection  of  the  deivd  Body,  which  makes  manifest  that  it 
consists  of  a  great  number  of  diverse  parts  or  orgnnt*^  which 
in  turn  are  Imilt  up  of  a  limited  number  of  materials; the 
same  mat-erial  often  entering  into  the  composition  of  many 
different  organs.  These  primary  building  materials  are 
known  as  the  tissues,  and  thiit  bnmch  of  anatomy  which 
deals  with  the  chanicters  of  the  tissues  and  their  arrange- 
ment in  various  organs  is  known  as  Histology;  or,  since  it 
is  mainly  carried  on  with  the  aid  of  the  microscope,  as 
Microscopic  Anatomy,  If,  with  the  poet,  we  compare  tlie 
Bmly  to  a  house,  we  may  go  on  to  liken  the  tissues  to  the 
bricks,  stone,  mortar,  wood,  iron,  glut-a  and  eo  on, used  in 
building;  and  then  walls  and  floors,  stairs  and  windows, 
formed  by  the  combination  of  these,  would  answer  to  ana- 
tomical organs. 

Zoological  Position  of  Han.  External  examination  of 
the  human  Body  shows  also  that  it  presents  certain  re- 
semblnuces  to  the  bodies  of  many  other  animals:  head 
and  neck,  trunk  and  limbs,  and  various  minor  parts  enter- 
ing into  them,  are  not  at  all  peculiar  to  it.  Closer  study 
and  the  investigation  of  intenial  structure  demonstrates 
further  that  these  resemblances  are  in  many  cases  not  su- 
perficial only,  but  that  ourBodiea  may  be  regarded  as  built 
upon  a  plan  common  to  them  and  the  bodies  of  many 
other  creatures:  and  it  soon  becomes  further  a]iparent 
tiuit  this  resemblance  is  greater  between  the  Haman  Body 
and  the  bodies  of  ordinary  four-footed  leasts,  than  between 
it  and  the  bodies  of  birds,  reptiles  or  fishes.     Hence,  from 


TUB  pnryfATKK. 


9 


xo<ilogical  |>oint  of  vic^w,  mHn'rJ  BoiJy  murks  him  out  as 
>elr»ngiTig  to  the  group  of  Maitinuilift  (sco  Ziwlogy),  which 
iinclades  all  anim^l^  in  which  the  female 6uck1o^  tlie  young; 
and  among  niammals  the  anatomii-al  ref^t'iuhlanced  are 
closer  and  the  differences  1cm  between  man  and  eerUiin 
»|H.'9  than  between  man  and  the  other  mammalR;  so  l!mt 
zooJ^gists  fit:]],  with  Linnteus,  inclnde  man  with  tho  roon- 
iseya  and  apes  in  one  subdivigion  of  the  Mammalia,  known 
f»a  the  Primates,  That  civilixod  man  is  meutully  far  8ui)erior 
iXo  any  other  animal  is  no  valid  objection  to  such  a  cla«aiti- 
cation,  for  zoological  gronps  are  defined  by  anatomical  and 
not  by  phytiiological  characters  ;  and  mental  traits,  since  wo 
know  that  their  manifestation  depends  npon  the  stniotnra] 
integrity  of  certain  organic,  are  eseentially  phenomena  of 
function  and  therefore  not  araihible  for  purposes  of  zo- 
ological ftmingcmcnt, 

ilan  however  walks  eroct  with  the  head  upward,  while 
the  great  majority  of  ManimaU  go  on  all  fours  with  the 
head  forward  and  the  back  upward,  and  various  apes 
adopt  intermediate  positions;  so  iu  considering  corre- 
spoading  parta  in  such  cairns  confusion  is  apt  to  arise 
unless  a  precise  memiing  bo  given  to  snch  tcTms  atf  *'au- 
trior"  and  "jiosterior."  To  avoid  this  ditficulty  anato- 
Tnists  give  those  words  definite  arbitrary  siguiilciktions  in 
all  cases  and  these  we  shall  use  iu  future.  The  head  end 
IR  always  nntfrior  whatever  tl»o  natural  position  of  the 
inimal,  and  ihe  opponite  end  pos/mor;  the  belly  side  in 
•ken  of  as  rtntraU  and  tlio  opposite  side  as  dorsal;  rif/ht 
timd  h/t  of  course  present  no  difficulty.  Moreover,  that 
end  of  a  limb  nearer  tho  trunk  is  spoken  of  as />roi-i*w/// 
with  reference  t«>  tlie  other  or  dMil  end.  The  words 
upper  and  Ivwer  may  be  conveniently  used  for  the  relative 
[,)>o8ition  of  parts  in  tho  natural  standing  position  of  tho 
animal. 

The  Vertebrate  Plan  of  Structure.     Xeglecting  ench 

liien^ly  ap|mrent  difTorences  as  arise  from  the  diffcrenoee  of 

lormiil  posture  a)>ove  pointed  out.  we  find  that  man's  own 

J»oological  class,   the  Mammals,  differs  very  widely  in   its 

>road  stmctuial  ]dan  from  the  grou{>s  including  sea  aneni' 
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ones,  insects,  or  oysters,  but  ajjreos  in  many  points  with 
the  groups  of  figlies,  amphibian.',  reptiles,  and  birds. 
These  four  are  therefore  placed  with  man  and  all  other 
Mammals  in  one  great  division  of  the  animal  kingdom 
known  as  the  Tcrtchrala.  The  main  anatomical  character  of 
all  vertebrate  animals  is  the  jiret-euce  in  the  trunk  of  the 
body  of  two  cavities,  a  dorsal  and  a  ventral,  separated  by  a 
solid  partition,  and  in  the  adults  of  nearly  all  vertebrate 
animals  a  Iiard  axis,  the  verlehralcvlumn  {backbone  or  spine), 
develops  in  this  partition  and  forma  a  central  snpport  for 
the  rest  of  the  body  (Fig.  2,  e  e).  The  dorsal  cavity  is  eon- 
tinned  through  the  neck,  when  there  is  one,  into  the  head, 
and  there  widens  out.  The  bojiy  axis  is  also  continued 
through  the  neok  and  extends  into  the  head  in  a  modified 
form.  The  ventral  cavity,  on  the  other  hand,  is  confined 
to  the  trunk.  It  contains  the  main  organs  connected  with 
the  blood-flow  and  is  thus  often  called  the  hcemal  mrify. 

Upon  the  ventral  i^ide  of  tJie  head  is  tiie  moutJu  open- 
ing leading  into  a  tube,  the  alimetiiary  atnaJj  /,  which 
passes  back  through  the  neck  and  trunk  and  opens  again 
on  the  outside  at  the  posterior  part  of  the  latter.  Tn  its 
passage  through  thn  trunk  region  this  canal  lies  in  the 
ventral  cavity. 

The  Mammalia.  In  many  vertebrate  animals  the  ven- 
tral cavity  is  nut  subdivided^  but  in  the  Mammalia  it  is;  a 
membranous  transverse  partition,  the  midriff  or  diaphragm 
(Fig.  1,  %)f  eoi>arating  it  into  an  anterior  chest  or  thoracic 
cavity,  and  a  posterior  or  abdominal  caviig,  Tlie  alimen- 
tary canal  and  whatever  else  pataes  from  one  of  these  cavi- 
ties to  tlio  other  must  therefore  perforate  the  diaphragm. 

In  the  chest,  besides  jmrt  of  the  alimeniiu-y  canal,  lie 
important  organs,  the  krnrtj  h,  and  luvgA,  /« ;  Iho  heart 
being  on  the  ventnil  Bide  of  the  alimentjiry  canal.  The 
abdominal  cavity  is  mainlv  occupied  by  the  alimentary 
canal  and  organs  connectoil  with  it  and  conoerne<l  in  the 
digestion  of  food,  as  the  ftom/trh,  wa,  the  liver,  le,  the 
pan/^eafs  and  the  intestinrn.  Among  the  other  more  prom- 
inent organs  in  it  are  the  kidneys  and  the  spleen. 

In  the  dorsal  cavity  or  uetuul  lie  the  brain  and  spUuU 
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eordf  the  foruicr  occupying  its  anterior  enlargement  in  the 
head.  Bruin  and  spinal  cord  togetlicr  form  tlio  vtrebrv- 
spiruii  nervous  ct'.ntre ;  in  udditiou  t(i  this  there  uro  found 
in  the  vcutrul  cavity  a  number  uf  smidl  uervo  centres  united 


1^0.  1.— The  IVxJy  onentMl  rmm  the  front  to  tUiow  cht*  L'oiiteo&f  of  Us  rentnJ 
os'Htr-  '",  I'ln^^;  h,  he  irt,  |wirtly  t-overpd  hy  other  itiin^;  U-,  W,  hffbt  aod  Wi 
livrr  1'     '  '    .  m'l.ftinrn-irh;  r»«-.  the  fp^-at  onicrituiii.  a  menilirmneooo- 

tAiii:  -^  tlowu  truiattie  poeuirior  bunler  uf  tbe  atonucli  uid 

together  by  connecting  cords,  and  with  their  offshoots  form- 
ing the  ttympnthetic  tuTvouK  system. 
The  WttlU  of  the  thrco  main  cuvitics  are  lined  by  smooth^ 
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moist   HrrouH  membra nrti.     That  lining  the  dorsal  cavity 
is  thD  arachtioid  ;  that  lining  tho  cho^st  tlje  pleura  ;  ihiit 

lijiing  the  abdomen  the  perito- 
neum ;  the  ubdomina]  cavity  is  in 
couficquence  often  called  the  per- 
itoneal cavity.  Externally  the 
walls  of  these  cavities  are  covered 
by  the  shin,  which  consists  of  two 
layers  :  an  outer  horny  layer  called 
the  epidermis,  which  is  constantly 
being  shed  on  the  surface  and  re- 
newed from  below  ;  and  a  dee]>er 
layer,  cnlled  the  dermis  and  con- 
taining blood,  which  the  epider- 
mic does  not.  Between  the  skin 
and  the  lining  8erous  membranes 
are  bonefy  mustlett  (the  lean  of 
meat),  nnd  a  great  number  of 
other  structures  whicli  we  shall 
have  to  consider  hereafter.  All 
cavities  inside  llie  body,  as  the 
alimeotury  canal  and  the  air  pas- 
sages, Mliieh  o|ten  directly  or  indi- 
rectly on  the  surface  are  lined  by 
soft  and  moist  prolongs  t  ions  of 
tho  skin  known  aa  vihcuuh  mem- 
branes. In  these  the  same  two 
liiycrs  lire  fotind  as  in  the  skin, 
bill  the  BuiH-'iliciul  bloodless  one 
\\\v  bioin.  f^/l'!'ru-hf^''VMrrir   18  Called  epithtlinu  and  the  deep- 

!'h!j  ;i;;;^;";'..n:i;;r;ru:::r.^  er  one  the  curium, 

!;«;l*:iil1:;::;,:^;!J';t:.'n.nu!*;?:       Diagrammutically  we  mayrcp- 

i;y^7hr;C.'r;irX"r'lL'  rcicm  Uie  human  lJ(»dy  in  longi- 

iMsa).  and  «.  th.  immiii  ciiain-  tudiual  scction  as  in  Fig.  'Z,  where 

ni.niyuK.  fn.ui  wiikh  oiw  iuu»  (ffi*  jg  thc  dofsal  Of  neurttl  cavity, 

ioii»*si.iinai:h,  r  ii;  nud   o    and    r.    respectively,    tho 

nrrrom  rhrtin    i  m  thoraric  and  abilominal  suUIivi- 

ihi.i  "tJ  sions  of  the  ventral  cavity;  d  rep- 

b,v„Vh  "^  rcKCUts  thc  diiiphragin  se]iarating 
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~w  id  the  vertt'Kral  folunin  with  its  moditied  prolon- 
gation into  the  head  beneath  the  anterior  enlargement  of 
ihe  dorsal  cavity;  /  is  the  alitueutary  canal  opening  in  front 
through  the  nose,  i,  and  nioutli,  o;  h  ip  the  heart,  /  a  lung, 
«  the  aympathetic  nervous  system,  and  k  a  kidney. 

A  transverse  section  through  the  chest  is  represented 
diugramraatically  in  Fig.  3,  whero  x  is  the  neural  canal 
containing  the  spinal  cord.  In  the  thoracic  cavity  are  seen 
the  heart.  A,  the  lungs,  U,  part  of  the  alimentary  cunal,  «, 
and  the  sympathetic  nerve  centres,  sy;  the  dotted  line  on 
each  side  covering  tho  inside  of  the  chest  wall  and  the 
oatside  of  tho  lung  represents  i\i^.  pleura. 


■A  (lU«niinmaCio  wvtlon  arrnm  the  Bodv  In  th*  c^hast  reiffnn.    x.  the 
\*:.  whU'li  fitntniiiH  th<»  dplnal  port!:  Ilu*  block  mas.s  stnTi_>tiinilnji  It  la 
Vbra;  a.  th.'  >ruMei.  &  i^rr  nf  the  Alinx^nurv  cainal;  h,  th<3  twart;  ty,  H3'in- 
sUc  nervous  ayKtern ;    tt,  luii^,    the  doit«d   lines  &rouod  Uiem  a^^}  the 
pleune;  rr,  riba;  at,  Uie  bnvutCbnne. 

Sections  through  corresponding  parts  of  any  other  Mam- 
ma!  wonld  agree  in  all  essentia!  points  with  those  repre- 
sented in  Figs,  "l  and  3. 

Tho  Iiimbs.  The  limbs  present  no  such  arrangement  of 
cavities  on  each  side  of  a  bony  axis  as  is  seen  in  the  trunk. 
They  have  an  axis  formed  at  different  parts  of  one  or  more 
bones  (as  seen  at  U  and  R  in  Fig.  4,  which  represents 
a  cross-section  of  the  forearm  near  tlie  elbow  joint),  but 
■roand  this  are  closely-packed  soft  purt^,  chiefly  muacles, 
and  the  whole  is  enveloped  in  skin.  The  only  cuTilies  in 
the  limbs  are  branching  tub«s  which  are  tilled  with  li(piids 
during  life,  either  blood  or  a  Avaiory-looking  fluid  kn4)wn  iw 
lifmph.     These  tubes,  the  blipod  and  lipnph  vessels  resj)ec- 
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lively,  are  not  however  characteristic  of  the  limbs,  for  they 
are  present  in  abundance  in  the  dorsiil  uiid  ventral  cavities 
and  in  their  walls. 


f1».  4.-^MCtlon  nrrrwi  tti#»  forparm  n  fUiort  dlKtiinc*  below  th<*  cHwiw  Jotnt, 
dfWfed  RttitwoiiupiMtrtliiK  b-^nt'K  thi-  m'thihiiiiil  nlim:  c.  th'.'^  »*iiltl-rnii!t.  mul  d 
tnedermfior  tht*  skin-.  Ih*-  latttr  in  cmtlnuxUM  twlnw  with  liamt!*  nf  rtmnet-llv*! 
UwuK,  «,  whlcli  (iftiftruir  li«-twfH>n  ami  luvtwt  tlw  muAClcft.  which  ure  mdlffitwl 
by  uuiubers;  ii.  m,  nerve*  and  vetwuls. 

Cfhemical  Compoaition  of  the  Body.  In  addition  to  tin* 
study  of  the  \\ok\\  uj-  eomjMiiieil  of  llssuos  uwd  organs  which 
are  optically  recognizable,  wc  may  consider  it  as  comprised 
of  a  number  of  different  ehomical  subt^tances.  This  branch 
of  knowledge,  wiiich  is  .siill  vitv  ineompleto,  really  jiresi^nts 
two  ehisses  of  jiroblcms.  On  the  one  hand  wc  luiiy  limit 
ourselves  to  the  examiitatiou  of  the  chemical  RuhstJinces 
which  exist  in  or  may  he  derived  from  the  dead  Body,  or, 
if  such  a  thing  were  possible,  from  the  living  Body  entirely 
at  rest;  such  a  study  is  essentially  one  of  structure  and 
may  be  called  CltMjiiral  Anatomy.  But  as  long  as  the 
Body  is  alive  it  is  the  seat  of  constant  chemical  trans- 
formations in  its  matorittl,  and  these  are  in8ei>arably  con- 
nected with  its  functions,  the  great  majority  of  which  are 
in  the  long-run  dependent  \\\x)X\  chemical  changes.  From 
this  point  of  view.  then,  the  chemical  «tudy  of  the  Body 
presents  physiological  problems,  and  it  is  usual  to  include 
all  the  kuitwn  fm't.s  us  to  the  chemical  composition  and 
metamorphoses  of  living  matter  under  the  name  of  Physio- 
loyiml  ChemUiry.  For  tiie  ]»resent  wo  may  confine  our- 
selves t'O  the  more  important  substances  derived  from  or 
known  In  esist  in  the  Body,  leaving  rjuestions  (roncerniug  the 
chemical  changes  taking  jtlace  within  it  for  consideration 
along  with  those  functions  which  are  performed  in  connec- 
tion with  them, 
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^^  ElementB  Composing  the  Body.    Oi  tlie  elementa  known 

W  to  chemists  only  jiixleeii  have   been   fonnd  to  take  j>ai't  iu 

^^^^^^e  formation  of  the  human  Body.  These  are  carbon,  hy- 
^^^^■rogen,  nitrogen^  oxygen,  snlphur,  phosphorus,  chlorine, 
^^^^^uorine.  silicon,  sixlium.  potaAsium,  lithium,  calcium, 
^H  muj^nedium,  iron,  and  manganese.  Copper  and  lead  have 
^H  sometimes  been  found  m  email  quantities  but  are  probably 
^^       nccidentHl  and  i>f'ea>iionul. 

ITncombined  Elements.  Only  a  very  Bmall  number  of 
the  above  elements  exist  in  tlio  lK)dy  nncomhined.  Oxt/f^en 
is  found  in  small  riuantity  dissolved  in  the  blood;  but  even 
there  most  of  it  is  in  ft  state  of  loose  chemical  combination. 
It  is  also  fonnd  in  the  cavities  of  the  luug^  and  alimentary 
canal,  being  derived  from  the  inspired  air  or  swallowed 
with  fowl  and  iialiva:  but  while  contiiined  iu  these  sfmces 
It  can  hardly  be  said  to  form  a  part  of  the  Body.  JV7/rw- 
gen  also  exists  uncombincd  in  the  lungs  and  alimentary 
canal,  and  in  small  quantity  iu  solution  iu  the  blood.  Free 
hydroyen  has*  also  been  found  in  tlie  alimentary  cnnal,  be- 
ing there  evolved  by  the  fermentation  of  certain  foods. 

Chemical  Compotuids.  The  number  of  these  which 
may  be  obtained  from  the  Body  is  very  great;  but  with  re- 
gard to  very  many  of  them  we  do  not  know  that  the  form 
in  which  we  extract  them  is  really  that  in  which  the  ele- 
ments they  contain  were  nnited  while  in  the  living  Body; 
since  the  methods  of  ciiemical  analysis  are  such  uh  always 
break  down  the  more  complex  forms  of  living  matter  and 
leave  ns  only  its  debrin  for  examination.  We  know  in 
fact*  tolerably  accurately,  what  compounds  enter  the  Body 
a**  fo*>d  and  what  finally  leave  it  as  waste;  but  the  inter- 
mediate conditions  of  the  elements  contained  in  these  com- 
pounds during  their  sojourn  inside  the  Body  we  know  very 
little  about;  more  especially  their  stAte  of  combination  dur- 
ing that  part  of  their  stay  when  they  do  not  exist  dissolved 
in  the  bcnlily  liquids,  but  form  p:irt  of  a  solid  living 
tissue. 


For  present  purposes  the  chemical  compounds  existing 
in  or  derived  from  tUo  Body  may  bo  classified  aa  organic 
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and  inorganic  and  the  formf^r  he  subdi^nded  into  thoee 
which  contain  nitrogen  and  thoae  which  do  not. 

Kitrogenoufl  or  Azotized.  Organic  Compounds.  These 
fall  into  gfvei-al  main  grouj.is:  proteitJs,  pejifojics,  aibu- 
viinuid^,  crystalline  substanceSy  and  coloring  multers. 

Proteids  arc  bv  fur  the  most  characterittic  fiubetancea  ob- 
tained from  the  Body,  since  they  are  only  known  as  exist- 
ing in  or  derived  from   living  things,  either  animals  or 
pluntfl.     The  l^^^  of  tliis  cXtmA  of  bodies  may  be  found  in 
the  white  of  an  t^^g^  where  it  is  etorcd   np   as  food  for 
the  developing  chick  ;  from   this  typical  form,  which  ift 
called  €4jg  albumin,  the  proteids  in  general  are  often  called] 
albnminous  hutlirn.     Eiicli  of  them  contjiins  carbon,  hydro-I 
gen,  oxygen,  sulphur,  and  nitrogen  united  to  form  a  veryi 
complex  molecnle,  and  although  different  members  of  tlu 
family  differ  from  one  another  in  minor  |K)int3  they  ull 
agree  in  their  broad  features  and  have  a  similar  percentage 
compot-iliou.     The  latter  in  diiferent  examples  appears  to 
vary  within  the  following  limits,  bnt  it  is  almost  impossible 
to  got  any  one  of  them  ]mre  for  analysis: 

Carbon W     to  M  pereeoi. 

Hvdro^en , 7     U)    7.5     " 

Ox vgt D. 21     to  24.0     •  • 

Kitrogrn 15     to  17.0     " 

Sulphur .  0.8  to   2.0    •• 

Proloida  are  recognised  by  the  following  characters:    1. 
Ebilcd,  either  in  the  solid  state  or  in  solution,  with  strong 
nitric  acid  they  give  h  yellow  llrpiid  which  becomes  orange 
on  ncntraliziition  with  ammonia.     This  is  ihoj^a/itho-profeuf 
icsL 

2.  Boiled  with  a  solution  containing  snbnitrato  and  jx'r- 
niiratc  of  mercury  they  give  a  pink  precipitate,  or,  if  ia 
Tcr}'  small  quantity,  a  pink-colored  solution.  Thi.s  is 
known  as  Millons  test, 

3.  If  a  solntion  containing  a  protetd  be  acidulated  with 
etn.>ng  acetic  acid  and  be  boiled  after  the  addition  of  an 
Oijual  bulk  of  a  saturated  wutiTT  solution  of  sodium  sul- 
phate, the  proteid  will  be  precipitated. 
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AmoDg  the  more  importaut  pruteids  obtuiiiud  from  the 
human  Body  arc  the  following: 

Serum  albumin.  Thi^  exists  in  solution  in  the  blood  and 
ifl  Tery  like  egg  albumin  iu  its  properties.  It  is  coagulated 
(like  the  white  of  an  egg)  when  l>oiled.  and  then  poai^efl 
into  the  stute  of  coagulated  proieid  which  is,  unlike  the 
original  serum  ulbumin,  insolubU;  id  diluto  ticids  or  alka- 
lies or  m  water  containing  neutral  salts  iu  solution.  All 
other  proteids  can  by  appropriate  treatment  be  turned  iuto 
coagulated  protcid. 

Fibrin.  This  forms  in  blood  when  it  "clots,"  either  in- 
side or  outside  of  the  body.  It  is  made  by  the  interaction 
of  two  other  proteids  known  as  fibrinogen  and  fibrinoplaatin. 
It  is  insoluble  iu  water. 

Mifottin,  This  is  derived  from  the  muscles,  in  which  it 
develops  and  solidifies  after  death,  causing  the  ''death- 
stiffening.'* 

Globulin  exists  iu  the  red  globules  of  the  blood  and  dis- 
solved in  some  other  li^juids  of  the  boiiy.  Iu  the  blood 
corpust^les  it  is  oombiued  with  u  colored  substance  to  form 
hmmotjiobin,  which  is  crystallizubk'. 

Casein  is  found  in  milk.  It  is  insoluble  iu  water  but 
soluble  in  dilute  acids  and  alkalies.  Its  solutions,  unlike 
those  of  fibrin  or  myosin,  do  not  coagulate  8p<jntaueously^ 
or  like  that  of  serum  albumin  on  boiling.  In  the  milk  it 
is  held  in  solution  by  the  free  alkali  present;  when  milk  be- 
comes sour  this  is  neutralised  and  the  casein  is  precipitated 
lis  the  ''curd."     Cheese  consists  mainly  of  casein. 

Feptoaes.  These  are  formed  in  the  alimentary  canal 
by  the  action  of  some  of  the  digestive  liquids  upon  the 
proteids  swallowed  as  food.  They  contain  the  same  elements 
as  the  protoids  and  give  the  xantho-proteic  and  Millon's 
reactions,  but  are  not  precipitated  by  boihng  with  acetic 
acid  and  sodium  sulphate.  Their  great  distinctive  charac- 
ter is  however  their  diffusibility.  The  protcids  proi>er  will 
not  dialyze  (see  Physics),  but  the  peptones  in  sohition  puss 
readily  through  moist  animal  membranes. 

Albuminoids.  These  contaiu  carbon,  hydrogen,  oxy- 
gen   and  nitrogen,    but   rarely   any  sulphur.      Like  the 
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proteids,  the  nearest  chemical  allies  of  which  they  seem 
to  be,  they  are  only  knoxvn  in  or  derived  from  living 
beings.  Gelatin,  obtained  from  bones  and  ligranients  by 
Ixiiling,  is  a  t^'pical  albuminoid:  as  is  chontirin,  which  ig 
obtained  similarly  from  gristle,  Jfurin,  which  give^  their 
ghiirr  tenacious  character  to  the  gccretions  of  the  mouth 
und  no^,  is  another  albuminoid. 

Crystalline  ITitrogenous  Substances.  Thci«o  are  a 
helcrogiMKH^us  group,  the  great  Uiajurity  of  them  iK'ing 
mutenals  which  have  done  their  work  in  the  B*jdy  and  are 
about  to  be  got  rid  of.  Nitrogen  enters  the  Body  in  towU 
for  the  most  part  in  the  chemically  complex  form  of  some 
protcid.  In  the  vital  prac**ssc8  these  proteidd  are  broken 
down  into  simpler  snbstance-s,  their  carUm  being  ])artly 
combined  with  o\ygt*n  and  passed  out  through  the  lungs 
lu  carbon  dioxide;  their  hydrogen  is  similarly  in  large  part 
combined  with  oxygen  and  passed  out  as  water;  while  their 
nitrogen,  with  some  carbon  and  hydrogen  and  oxygen,  is 
usually  pai!£ed  out  in  the  form  of  a  crystalline  com|wuud, 
containing  what  chemists  call  an  ''ammonium  residue." 

CO) 
Of  those  the  most  important  is  urta  (Carbamide  IP  v  X')^ 

which  is  eliminated  through  the  kidneys.  I'ric  arid  is  an- 
other nitrogenous  waste  prodnct,  and  many  others^  such  as 
iTMttn  and  l-rrtttinin.  seem  to  be  intermediate  stages  l>e- 
twe^n  the  prolcid?  which  enter  the  body  and  the  tm^a  and 
uric  acid  which  leave  it. 

In  the  bile  or  gall,  two  crystAllixable  nitrogen-contain- 
ing bodies.  glt/eocMic  and  irjurochpHc  4h-iV«,  aw  fonud  com- 
bined with  soda. 

ITitrogenonB  Coloring  Matters,  Tbe«e  form  an  arti- 
ficial group  whose  constitution  and  origin  are  ill  known. 
An.'  'it  arc  tbo  '  "      '   j-, 

h  the  n»<i  -^  of  the  blood 

in  which  a  resiiiue  of  it  u  combiDod  witii »  protind  nmdne 
to  form  h4rmaQhbin. 

BiHrukin  and  hiHrrrdin,  which  exist  in  the  bile;  Iho 
former  predominating  in  the  bile  of  man  and  of  cuitiTo- 
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roas  animalA  and  giving  it  a  reddish  yellow  color,  while 
biliverdin  predominates  in  the  bile  of  Hfrbivom  which  i« 
green. 

Non-lTitrogenoiia  Organic  Compounds.  These  may 
lie  convonieolly  gTouj)c<J  as  Jir/tlrocurffon.^  or  fatty  bodies; 
rarbohy  drat  est  or  ttmyloitlH  ;  mid  cciluiu  uon-azotiimi  acids. 

Fata.  The/(2/^  all  contain  ojirlMin,  hydrogen  and  oxytf't'U. 
flic  oxygen  being  prcftont  in  gnitiU  proportior.  u«  compared 
with  the  hydrogen.  Three  fat*!  occur  in  the  body  in  large 
•luantitietf.  viz. :  palmatin  (C»iil,.0«),  mtcarin  (G*iH..*O0. 
and  ofein  (C,iH.«,0,).  The  two  former  when  pure  arc 
solid  at  the  tempt^raturc  of  the  Body,  hnt  in  it  are  mixed 
with  olein  (which  i±!  litiuid)  in  such  proportions  as  to  be 
kept  tluid.  The  total  rjuantity  of  fat  in  the  Body  ia  sab- 
ject  to  great  varintions,  hut  its  average  quantity  in  a  man 
weighing  75  kilograms  (l*i5  jjonuds)   id  about  2,'iO  kilo- 

ims  (6  pounds). 

Each  of  the^o  fat^  when  heated  with  a  caustic  alkali,  in 
the  presence  of  water*  breaks  up  into  a  fatty  acid  {afearic^ 
pahnitir,  or  ohir  as  the  ca.-sc  may  be)  and  i/fyrerinr^  The 
fatty  acid  unites  with  the  alkali  pre^cnL  txi  form  a  noap^ 

Carbohydrates.  These  also  contain  carbon,  hydrogen 
and  oxygen,  but  there  is  one  atom  of  oxygen  present  for 
every  two  of  hydrogen  in  the  molecule  of  each  of  them. 
Chemically  they  are  related  to  starch.  The  more  imjior- 
tant  of  them  found  in  the  Body  are  the  following: 

Gltjroffen  (C«H,»0*)  found  in  large  quantities  in  the 
liver,  where  it  seems  to  he  a  reserve  of  material  answering 
to  the  !!>tarch  stored  up  by  many  plants.  It  exists  in  smaller 
quantities  in  the  muscles. 

Gluf:ose,  or  tjrnpe  sugar  (CiH„0.),  which  exists  in  the 
liver  in  small  quantities;  also  in  the  blood  and  lymph. 
It  is  largely  derived  from  glycogen  which  is  very  readily 
converted  mtu  it. 

JfM9U,  or  mnsrlf!  mirfar  (C«HnO«  +  2HaO),  found  in 
muscles,  liver,  spleen,  kidneys,  etc. 

Lnrtnsr,  or  su/far  of  miik  (C'ulIaaOit  +  H/>),  found  in 
consiUerahlc  quantity  in  milk. 

Organic  Kon-Nitrogenous  Acids,     Of  these  the  most 
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important  ia  carlxm ir  tlioxtdf  (COi),  which  is  the  form  in 
which  by  fur  ihe  greater  part  of  the  carbon  taken  into  the 
Body  ullimatply  leaves  it.  United  with  calcium  it  is  found 
in  the  bones  and  teeth  in  lai'ge  pj-oportiou. 

Formic^  Acetic,  and  Butyric  acidn  also  are  found  iu  the 
Body;  stearic,  palmitic,  and  oleic  have  been  above  men- 
tioned as  obtainnblo  from  fats.  Lactic  acid  is  found  in  the 
sliimach  and  develops  in  milk  when  it  turns  sour.  A  body 
of  the  same  percentage  comiK>8ilion,  C»H,Ot  (sarcolaC' 
tic  acid),  is  formed  in  muscles  when  they  work  or  die. 

Olyrvro-pkosphoric  acid  (CiII,PO«)  is  obtained  on  the 
decomjmsition  of  lecithin,  a  complex  nitrogenous  fat  found 
in  uervoua  tissue. 

Inorganic  Constituents.  Of  the  simpler  substances  en- 
tering into  the  structure  of  the  l>ody  the  following  are  the 
most  important: 

H'atfr;  in  all  the  tissues  in  greater  or  less  proportion 
mod  forming  about  two  thirds  of  the  weight  of  the  whole 
Body.  A  man  weighing  75  kilos  (lt>5  lbs.),  if  completely 
dried  would  therefore  lose  abont  50  kilos  (UO  lbs.)  from  the 
eva)>orati4>n  of  water.  Of  the  constituent*  of  the  Body  the 
enamel  of  the  teeth  coutains  least  water  (about  two  per 
cent)  nnd  the  saliva  most  (about  99.5  percent);  between 
these  extremes  ore  all  intermediate  steps — bones  containing 
about  35  per  e^ut,  muscles  T5.  blood  TO. 

Common  mU — Sotiium  chloride — (NaCl)  ;  found  in  all 
the  tissues  and  liqnids,  and  in  mimy  cases  playing  an 
important  part  in  keeping  other  substances  in  solntion  in 
iratcr. 

P^ofsimm  ^hridf  (KC\)\  in  the  blood,  mo^clee,  nerres, 
and  most  liquids. 

(Mkimm  pk^tpkaU  (Cam'^PO,):  in  the  bones  and  teeth  in 
Urgo  <|uaucitT.     la  hss  pn'jHirtiou  iu  all  the  otfaer  tiseuM^ 

Besides  the  abovc^  ommunium  chloride,  sadiun  and 
potofisinm  pboispbat4.-s,  nagnftsiam  pho^liate,  aodinoa  sol- 
photow  potnoBinm  sulphate  and  calcium  flanffida  Imtv  been 
obtainod  bom  tbr  body. 

Uncombiued  fftpirwMohc  onV  (HCl)  is  foand  in  the 


CHAPTER  II. 

THE  FUNDAMENTAL  PHYSIOLOGICAL 
ACTIONS. 
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Tho  Properties  of  the  Living  Body.  When  wo  turn 
from  the  structure  ami  conipo?itiou  of  tho  living  Body  to 
consider  its  powers  and  proj)erties  wo  meet  witb  the  eanie 
variety  and  complexity,  the  most  «npei*ficial  examination 
heing  sufficient  to  show  that  its  parts  are  endowed  with  very 
different  faculties.  Liglit  falling  on  the  eye  arouses  in  us 
a  sensation  of  siglit  but  fulling  on  the  skin  hue  no  snvh 
effect;  pinching  the  skin  causes  pain,  but  pinching  a  hair 
or  a  nail  docs  not:  when  tho  ears  are  stopped,  80unda 
arouse  in  us  no  sensation:  we  readily  recognize,  too.  hard 
parts  formed  for  support,  joints  to  admit  of  movements, 
apertures  to  receive  food  and  others  to  get  rid  of  wastes. 
We  thus  |)erccive  that  different  organs  of  our  Bodies  have 
very  different  endowments  and  serve  for  very  distinct  pur- 
poses; and  here  again  the  study  nf  internal  organs  shows 
us  that  thp  varieties  of  quality  observed  on  the  exterior  arc 
but  slight  indications  of  differences  of  pro{>erty  which  per- 
vade tho  whole,  being  sometimes  dependent  on  the  siH>cifio 
characters  of  the  tissues  concerned  and  somotimesupon  the 
manner  in  which  these  are  combined  to  form  various 
orgims.  Some  tissues  am  solid,  rigid  and  of  constant 
sbiipe,  08  those  composing  the  bones  and  teeth;  others,  ai 
the  muscles,  are  soft  and  capable  of  changing  their  form: 
and  still  others  are  oapuble  of  working  chemical  changes 
by  which  such  pecnliup  fluids  as  the  bile  or  the  saliva  are 
produced.  We  find  elsewhere  a  number  of  tissues  com- 
bined to  form  a  tube  adapted  to  receive  food  and  carry  it 
through  the  Body  for  digestion,  and  again  similar  tissues 
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differentlj  arranged  to  receive  the  air  which  we  breathe-in, 
and  expel  after  abstracting  from  tl  part  of  its  oijgen  and 
adding  to  it  certain  other  things:  and  in  the  heart  and 
blood-vessels  we  find  almost  the  same  tijyines  arranged  to 
propel  and  carrr  the  blo*jd  over  the  whole  Body.  The 
working  of  the  Body  offers  clearly  ercn  a  more  complex 
^abject  of  study  than  its  structure. 

Fhysiol^lic&l  Properties.  In  common  with  inanimate 
objccii*  the  Body  poeKSBes  many  merely  physical  properties, 
as  weight,  rigidity,  elasticity,  color^  and  6o  on;  bnt  in  ad- 
dition to  theae  we  find  in  it  while  alive  many  others 
which  it  cea^e^  to  manifest  at  death.  Of  these  perbape 
the  ])ower  of  executing  spontanoons  movements  and  of 
maintaining  a  high  bodily  temperature  are  the  most 
marked.  As  long  a6  the  Body  is  alive  it  is  warm  and, 
since  the  earroundlug  air  is  nearly  always  cooler,  mu±<t  be 
losing  heat  all  day  long  to  neighboring  objects;  ncvcrthe- 
leas  wc  are  at  the  end  of  the  dav  tks  warm  as  at  the  besriti- 
ning,  the  temjierature  of  the  Body  in  health  not  varying 
much  from  ,3:.o'  C.  (OO"  F.).  so  iliat  clearly  our  Bodies 
mnst  be  making  heat  somehow  all  the  time.  After  death  this 
production  of  heat  ceases  and  the  Body  cools  down  to  the 
temperatare  in  its  neighborhood;  bnt  so  closely  do  we 
Msociato  with  it  the  idea  of  warmth  that  the  sensation 
experienced  in  touching  a  corpse  produces  so  powerful 
an  impreaaion  as  commonly  to  be  described  as  icy  cold. 
The  other  great  characteristic  of  the  living  Body  is  its 
power  of  executing  movements;  so  long  as  life  lasts  it  is 
nevcT  at  reer:  even  in  the  deepest  sinmber  the  regular 
breathing,  the  tap  of  the  heart  against  the  chest-wall,  and 
the  beat  of  the  pulse  tell  as  that  we  are  watching  sleep  and 
not  death.  If  to  this  we  add  the  possession  of  conscious* 
noss  by  the  living  Body,  whether  an>used  or  not  by  forces 
immediately  acting  upon  sense-organs,  ve  might  describe 
it  as  a  hoat-prodaciog«  moving,  conscious  organism. 

The  prodnctioM  of  heat  in  tlio  Body  ueeda  fuel  of 
some  kind  as  much  ai  \u  production  iu  u  fire;  and  every 
time  wo  move  ouraeWc6  or  external  obji'i:C6  some  of  the 
Body  is  lupcd  up  to  wipply  the  ucccsiary  working  power,  just 
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some  conla  arc  burnt  in  the  furnace  of  an  engine  for 
very  l>it  of  work  it  does;  in  the  sumo  way  every  thought 
that  urisca  in  us  is  acuoni]mnicd  with  tho  destruction  of 
ftonio  |mrt  of  tlic  iVwIy.  Hence  thcHO  primary  jictions  of 
keeping  warm,  moving,  and  being  coukmous  necestiitate 
many  others  for  tiie  iJupply  of  new  miiteriHls  to  the  tis- 
sues concerned  and  for  the  removal  of  their  Wiiati's;  stiU 
others  are  neceasan'  io  regulate  the  production  and  Iors  of 
Ileal  in  accordance  with  chiingt-H  in  the  exterior  tempera- 
ture, to  bring  the  moving  tissuch  into  relation  witii  the 
thinking,  and  so  on.  By  such  subsidiary  arrangements 
the  working  of  the  wh<»Ie  Body  becomes  so  complex  that  it 
woulil  till  many  j)ageH  merely  to  enumerate  what  is  known 
of  the  duties  of  its  various  parts.  Uowever,  all  the  proper 
phypioIogic4il  properties  de|Kind  in  ultimate  analygis  on  a 
8mall  nunilicr  of  facultiea  which  are  poasesfied  by  all  living 
things,  their  gi'eat  variety  in  the  human  Body  dei>euding 
njM^n  special  development  and  combination  in  different 
tissues  and  organs;  and  before  attempting  to  study  them  in 
their  mos^t  complex  forms  it  is  advantageous 
to  examine  them  in  their  Amplest  and  most 
generalized  manifestations  as  exhihil.e<l  by 
some  of  the  lowe»t  living  things  or  by  the 
simplest  eonstitueuta  of  our  own  Btnlies. 

Cells.  Among  the  anatomical  elements 
which  the  histologist  meets  with  as  entering 
into  the  com|K>8ition  of  tho  human  Body 
arc  minute  granular  mimses  of  a  soft  con- 
riiteiice,  about  O.OIV  millimeter  (in',.o  ^f  **n 
inch)  iu  diameter  (Fig.  5,  *).  Imbedded  in 
cacli  lies  a  central  porti>n,  not  granular 
and  therefore  different  in  appearance  from 
the  re^t.  These  anatomical  units  arc  known 
»s  cella^  the  granular  substance  being  the 
veil  boiiff  and  the  imbedded  clearer  portion 
the  eel  f  nude  It  M.  Inside  the  nucleus  may  often  be  distin- 
guished a  still  smaller  body — the  ««/;/«>/«*.  Cells  of  this 
kind  exist  in  abundance  in  the  blood,  where  they  are  known 
as  the  white  blood  corpuscles,  and  each  exhibits  of  itself 
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ocrtain  properties  wliich  aro  distinctive  of  all  living  things 
flfl  coniitarcd  with  iuuuimutc  objects. 

Cell  Growth.  In  the  first  place,  each  such  cell  can  take 
up  matoriuU  frum  \i&  outside  and  build  them  uj>  into  ita 
own  peculiar  substance;  and  this  does  not  occur  by  the 
dejwsit  of  new  layers  of  material  like  its  own  on  the  surface 
of  the  cell  (ns  a  crystal  might  increase  in  uu  evuporuting 
solution  of  the  same  salt)  but  in  an  entirely  different  way. 
The  cell  takes  up  chemical  elements,  either  free  or  com- 
bined in  a  miinner  different  from  tluit  in  which  they  exist 
in  its  own  living  pubatance,  and  works  chemical  changes 
in  them  by  which  they  are  made  into  part  and  parcel  of 
itself.  Moreover,  the  new  material  thus  formed  is  not  de- 
posited, at  any  rate  necessarily  or  always,  on  the  surface 
of  the  old,  but  is  laid  down  in  the  substance  of  Uie  already 
existing  cell  among  its  constituent  molecules.  The  new- 
formed  molecules  therefore  contribute  to  the  growth  of  the 
cell  not  by  superficial  accretion,  but  by  interstitial  dei)osit 
or  intu88u$ception. 

Cell  Division.  The  increase  of  size,  which  may  be 
brought  about  in  the  al>ove  manner,  is  not  indefinite,  but 
is  limited  in  two  ways.  Alongside  of  the  formation  and 
deposit  of  new  material  there  occurs  always  in  the  living 
cell  a  breaking  down  and  elimination  of  the  old;  and  when 
this  proccHS  e<(uals  the  accumulation  of  new  material,  as  it 
docs  in  all  the  cells  of  the  Bixly  when  they  attain  a  certain 
size,  growth  of  coni*se  ceaHea.  In  fact  the  work  of  the  cell  in- 
creases as  its  fnasSj  and  therefore  as  the  cube  of  its  diame- 
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ter;  while  the  receptive  powers,  dependent  primarily  upon 
the  superficial  area,  only  increase  as  the  square  of  ii»e  di- 
ameter.   The  breaking  down  in  the  eel!  increai^c;?  when  it« 
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work  dwfi  and  so  at  last  oquuls  tl»o  reception  and  constrnc- 
tion.  The  second  limitutiuu  to  indetinile  growth  is  cod- 
ueoted  with  the  power  of  the  celt  to  givo  rise  to  new  cells 
like  iUelf.  Under  certain  circumstances,  which  arc  not 
well  known,  the  cell  may  hocomo  narrowed  (Fig.  G)  at  one 
zone;  the  cowfitriclion  deepens  until  the  part*  on  each  side 
of  it  are  merely  united  by  a  narrow  band  which  tinully 
gives  way  and  two  cells  are  formed,  eiujh  like  the  ymrent 
but  for  \is  smaller  size;  or  the  cell  may  divide  into  two  or 
more  by  flat  surfaces  of  separation,  or  in 
a  way  Intermediate  between  this  mode 
and  the  laat  (Fig.  7),  In  some  cases  now 
cclln  form  in  the  interior  of  the  old  and 
•ro  then  set  free  from  it.  The  new  cells 
prodaced  in  these  ways  grow  as  the  origi- 
nal cell  did,  and  may  in  turn  multiply  in 
the  same  manner.  Very  commonly  the 
nucleus  divides  before  the  rest  of  the 
cdl,  and  its  partn  then  form  the  nuclei  of 
the  new  celln. 

Asslnulation:  Reproduction.  These 
two  powers,  that  nf  working  up  into  their 
own  substance  materials  derived  from  outside,  known  n» 
a$9imiiaiion.  and  that  of,  in  one  way  or  another,  giving  ri*Mj 
to  new  beings  like  themselves,  known  as  reprnduriwti,  are 
possessed  by  all  kinds  of  living  beings,  whether  animals  or 
plants.  There  is,  however,  this  im]>f>rt4mt  difference  be- 
tween the  two:  the  power  of  assimilation  is  nece^sarv  for 
the  maintenance  of  each  individual  cell,  plant,  or  animal, 
since  the  alrejuly  existing  living  material  is  constantly 
breaking  down  and  being  removed  as  long  as  life  lasts, and 
the  loss  must  be  made  good  if  each  is  to  continue  its  exist- 
ence. The  power  of  reproduction,  on  the  other  hand,  is 
necessary  only  for  the  continuance  of  the  kind  or  race,  und 
need  be,  and  often  is,  possessed  only  by  some  of  the  indi- 
viduals eomposin^r  it.  Working  bees,  for  example,  cannot 
reproduce  their  kind,  that  duty  being  left  to  the  queen-bee 
and  the  dro?ies  of  each  hive. 

The  breaking  down   of  already  existing  chemical  com- 
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pounds  into  simpler  one«,  sometimes  called  dUaHHiviilntifm^ 
is  afi  invariublo  in  liviug  beings  as  tlic  building  up  of  new 
complex  niolef.'ules  referred  to  ubove.  It  is  «p,efMM«ted  with 
the  asHump(i(m  of  un<M)mbiued  oxygen  from  the  exterior, 
which  is  then  combined  directly  or  indirectly  witli 
other  elements  in  the  cell,  as  for  example  carbon, 
giving  rise  to  carbon  dioxide,  or  hydrogen  producing 
water.  In  this  way  the  molecule  in  which  the  carbon  and 
hydrogen  previously  existed  is  broken  down,  and  at  the 
same  lime  energy  is  lil>enited,  which  in  all  eases  seems  to 
t4iko  ID  part  the  form  of  heat  just  as  when  coal  is  burnt 
in  a  fire,  but  may  bo  used  in  pan  for  other  purposes  such  us 
producing  niovementiu  The  carbon  dioxide  is  usually  got 
rid  of  by  the  same  mechanism  as  that  which  serves  to  lake 
up  the  oxygeu,  and  these  two  processes  conntitule  tlje 
function  of  respiration  which  occurs  in  all  living  things. 
Aseimiltttion  and  disussimilation,  going  on  side  by  side  and 
being  to  a  certain  extent  correlative,  are  often  spoken  of 
together  as  the  procoss  of  ntt/rifion,  u  term  which  there- 
fore includes  all  the  chemical  transformations  occurring  in 
living  matter. 

ContraotUity.  Nutrition  and  (with  the  above-mentioned 
partial  exception)  reproduction  characterize  all  living  crea- 
tures; and  both  faculties  are  possessed  by  the  simple 
nucleated  cells  alreiwly  referred  to  as  found  in  our  blood. 
Rut  these  cells  fwssoss  als^i  certain  other  pro|)ertie-H  which, 
although  not  so  aV>solnt<'Iy  diagnostic,  are  yet  very  charac- 
teristic of  living  things. 

Examined  carefully  with  a  microscope  in  a  fiTsh-drawn 
drop  of  blood,  tbey  exhibit  changes  of  form  independent 
of  any  pressure  which  might  distort  them  or  otherwise 
mechanically  alter  their  shui>e.  These  changes  may  some- 
time* show  themselves  as  constrictions  ultimately  leading 
to  the  division  of  the  cell;  but  more  commonlv(Fig.  l:^*) 
they  have  no  snch  result,  the  coll  simply  altering  its  form 
by  drawing  in  its  substance  at  one  point  Hud  thrusting  it 
out  at  another.  The  portion  thus  protruded  may  in  turn 
be  drawn  in  and  a  process  be  thrown  out  elsewhere  ;  or  the 
rest  of  the  ocll  may  collect  around  it,  and  a  fresh  protru- 
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»icm  lie  then  nmJe  on  tlu*  aaiiio  side;  and  by  repenting  this 
manoeuvre  tlicse  celU  may  change  their  place  and  creep 
across  the  field  of  the  microscope.  Such  chungeii  of  form 
from  their  close  resemblance  to  those  exhihitcd  by  the  raicro- 
«eopic  animal  known  at«  the  J m/«/vi  (see/oulo^y)  urc  called 
^mufdoid,  and  the  faculty  in  the  living  cell  t]|)on  which  they 
depend  i«  known  in  physiology  Jis  conlrttHUily,  It  nuist 
be  borne  in  mind  that  phyfsiological  contractility  in  this 
ipDse  is  qnitf  ditTerent  from  the  so-called  contractility  of 
Aetretchcd  indian-rnbber  band,  which  merely  tends  to  ro- 
astame  a  form  from  which  it  has  previously  been  forcibly 
removed. 

Irritability-  Another  property  exhibited  by  tlieso  blood- 
cella  is  known  aa  irritaiiilittf.  An  AuKpba  coming  into 
oontact  with  a  solid  particle  calculated  to  serve  it  ati  fucKl 
will  throw  around  it  i»rocc«*ea  of  ita  substance,  and  gi-ad- 
ually  carry  the  foreign  mass  into  its  own  l>ody.  The 
amount  of  energy  expended  by  the  animal  under  these 
circumstances  ia  altogether  disproportionate  to  the  force  of 
the  external  contact.  It  is  not  that  tlie  swallowed  mass 
puahes-in  mechanically  the  surface  of  the  Amoeba,  or  bar- 
rows into  it,  but  the  mere  touch  arouses  in  the  animal  an 
activity  quite  disproportionate  to  the  exciting  force,  and 
comparable  to  that  set  free  by  a  spark  falling  into  gunpow- 
der or  by  a-slight  tap  on  a  piece  of  gun-cotton.  It  is  this 
disproportion  between  the  excitant  (known  in  Phybiologv-as 
a  Mimuluii)  and  the  result,  wliieh  ifi  the  essential  character- 
istic of  irriltiliilUif  when  tlie  term  is  used  in  a  phyKio]ogi(Mil 
connection.  The  granular  cella  of  the  blood  can  take 
foreign  matters  into  themselves  in  exactly  the  same  man- 
ner as  an  Amc^ba  does;  an<l  in  this  and  in  other  ways,  as 
by  contracting  into  rigid  spheres  under  the  influence  of 
electrical  i^hockfi,  they  show  that  they  also  are  endowed 
with  irritability. 

Conductivity.  Further,  when  an  Amopbaor  one  of  these 
blood-cells  comes  into  contact  with  a  fi>reign  Innly  and 
proceeds  to  dmw  it  into  its  own  substance,  the  lictivity  ex- 
cited is  not  merely  displayed  by  the  parts  su^tually  toucheih 
Distant  parts  of  the  ci-ll  ak(»  cn-operute,  so  that  the  inilu- 
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cnce  of  the  stimuhiris  uut  lucul  uuly,  Imt  iu  euufiequenec 
uf  it  a  change  is  brought  abiuit  iii  tithur  purts,  arousing 
them.  This  property  of  trunsniitting  iJislurbunces  is  known 
us  eondiiciivity. 

Finally,  the  movementff  excited  are  not,  as  a  rule,  ran- 
dom. They  are  not  irroguU*r  convulsions,  but  ai*c  adapted 
to  attain  a  certain  end.  being  so  combined  as  to  bring  the 
external  particle  into  the  interior  of  the  c^ll.  This  capa- 
city of  all  the  parts  to  work  together  in  definite  strength 
atid  sequence,  to  fulfil  some  purpose,  is  known  as  co-ordi- 
nation. 

These  Properties  CTharacteristic  but  not  Diag^noetic. 
These  four  faculties,  irritability,  conductivity,  contractility, 
and  co-ordination,  are  possessed  in  a  high  degree  by  our 
Bodies  as  a  whole.  If  the  im^ide  of  tlic  nosc^  be  tickled  with 
a  feather,  a  sneeze  will  Imj  produced.  Hero  the  feather- 
touch  {siimuluf)  htts  colled  forth  movements  which  are 
mechanically  altogether  disproportionate  to  the  energy  of 
the  contact,  eo  that  the  living  body  is  clearly  irritabh. 
The  movements,  which  are  themselves  a  manifestation  of 
conlractilifift  are  not  exhibited  at  the  point  touched,  but  at 
more  or  less  distant  parts,  among  which  those  of  abdomen, 
chest,  and  face  are  visible  from  the  exterior;  our  Bodies 
therefore  possess  phyniohyiail  condudivitt/.  And  tinally 
these  movements  are  not  random,  but  combined  so  as  to 
produce  a  violent  cun-ent  of  air  through  the  nose  tending 
to  remove  the  irritating  object;  and  iu  this  we  have  a 
manifestation  of  co-ordination.  Speaking  broadly,  these 
properties  are  more  manifest  in  animals  than  in  plants, 
though  they  are  by  no  means  absolutely  confined  tx)  the 
former.  In  the  sensilive  plant  touching  one  leaflet  will 
excite  regular  movements  of  the  whole  leaf,  and  many  of 
the  lower  aquatic  plants  exhibit  movements  as  active  as 
those  of  animals.  On  the  other  hand,  no  one  of  these  four 
faculties  is  absolutely  distinctive  of  living  things  in  the 
way  that  growth  by  ititnssusreptiou  and  rfpvoduction  are. 
Irritability  is  but  u  name  for  unstable  molecular  equilibrium, 
a.\M\  is  as  marked  in  nitroglycerine  as  in  any  living  cells;  in 
the  telephone  the  influence  of  the  voice  is  conducted  as  « 
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ecular  chan<^c  iiln:iir  ;i  wire,  niul  produces  resalU  ut  a 
dUtuuoe;  HU(i  muny  ioanimuie  iirarliiucd  afford  exumples  of 
the  co-ordination  of  inoremonts  for  the  attainment  of 
derinitc  eud«^ 

Spontaneity.  There  is,  however,  one  character  belonging 
to  many  of  the  movement*  exhibited  by  amcpboid  cells,  in 
which  they  appear  at  tiritt  itiglit  to  dififer  fundamentally 
from  the  movementa  of  inanimate  objects.  This  chiirucLer 
is  their  apparent  Hponfaneity  or  nutomatxHfy,  The  oellt* 
fre<|uently  chant^o  their  form  indepondcntly  of  any  re- 
cognizablo  external  cause,  while  a  dead  mass  at  re^t  and 
nnact-cd  on  from  outside  remains  at  i-est.  This  difference 
is,  howox'er,  only  apparent  and  depends  not  upon  any  faculty 
of  spoutancoua  action  peculiar  to  the  living  cell,  but  upon 
its  nntritive  powers.  It  can  be  i>roved  that  any  system  of 
material  particles  in  equilibrium  and  at  rest  will  forever 
famnin  so  if  not  acted  upon  by  an  external  force.  Sucli  a 
iyBtem  can  carry  on.  under  certain  con<lition8,  a  neries  of 
changes  when  once  a  start  has  been  given;  but  it  cannot 
initiate  them  itHclf.  Ka<'h  living  cell  in  thelong-nin  is  but 
a  complex  aggregate  of  molecnles,  compoised  in  their  tnrn 
of  chemical  elements,  and  if  we  suppose  this  whole  set  of 
atom^  at  rest  in  equilibrium  at  any  moment,  no  change  can 
be  started  in  the  cell  from  inside;  in  other  words,  it  will 
possess  no  real  spontaneity.  When,  however,  we  consider 
the  irritability  of  amo'boid  cells,  or»  expressed  in  mechanical 
terms,  the  unstable  equilibrium  of  their  particles,  it  be- 
comes obvious  that  a  very  slight  external  cause,  such  as 
may  entirely  elude  our  observation,  may  serve  to  set  going 
in  them  a  very  marked  series  of  changes,  just  as  pnlling 
the  trigger  will  tire  off  a  gun.  Onc^  the  equilibrium  of 
the  cell  bad  been  disturbed,  movements  either  of  some  of 
its  constituent  molecules  or  of  its  whole  mass  will  continue 
nntil  all  the  molecules  have  again  settled  down  into  a  stable 
state.  But  in  living  cells  the  reattainment  of  this  state  is 
commonly  indefinitely  |>ostix>ned  by  the  reception  of  new 
particles,  food  in  one  form  or  another,  from  the  exterior. 
The  nearest  approach  to  it  is  probably  exhibited  by  the  rest- 
ing state  into  which  someof  the  lower  animals,  a^t  the  wheel 
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tiu\mn\c\\\os,  pjii:?  \v|ioi»  drictl  slowly  nt  ii  low  trmpcratuM'; 
the  drying  noting  hy  cliccking  the  nutritive  procepi 
which  would  otherwise  have  prevented  the  reattainnn 
of  moleeuhir  equilibrium.  All  signs  of  movement  or  otl 
change  disappear  under  theso  circumstances,  hut  :is  soon" 
as  water  agi-m  soaks  into  their  guhstance  and  difturhs  tl 
existing  condition,  then  the  so-caJled  '*  spontaneous"  moi 
mentfi  recommence  If.  tiierefore,  we  use  the  term  spoi 
tjiueity  to  express  ajiowerina  resting  system  of  particles  of 
initiating  changes  in  itself,  it  is  pogscssed  neither  hy  living 
nor  not-living  things.  But  if  we  simply  employ  it  to  desig- 
nate changes  whose  primary  cuuse  we  do  not  recognize,  and 
which  cause  wan  in  many  cases  long  nntocedent  to  the 
changes  which  we  see.  then  the  term  is  unubjoctinnahle  and 
convenient,  as  it  serves  to  express  briefly  a  phonftmeu^^H 
pi'asented  hy  many  living  things  and  finding  its  bighe^P 
manifestation  in  many  human  actions.  It  then,  how- 
ever, no  longer  designate.^  a  property  peculiar  to  them.  A 
steam-engine  with  its  furnace  liglitcd  and  water  in  its 
boiler  may  be  set  in  motion  hy  opening  a  valve,  and  the 
movements  thus  started  will  continue  spontaneously,  in  the 
alHjve  sense,  until  the  coals  or  water  are  uectl  up.  The  dif- 
ference l>etwccn  it  and  the  living  cell  lies  not  in  any  s 
tancity  of  the  latter,  but  in  its  nutritive  powers,  whi 
enable  it  to  replace  continually  what  answers  to  the  canls 
and  water  nf  the  engine. 

Protoplasm.  FintJing  all  these  pro]M»rtics  possessed 
a  simple  nucrlcated  cell,  we  are  naturally  led  to  inf|uiren 
what  part  of  it  do  they  de]>eud?  It  is  clear  that  if  they 
exhibited  in  the  absence  of  any  one  it  cannot  be  ei 
rial  to  their  manifestation.  Now  a  study  of  the  lower 
fnnns  of  life  shows  us  that  these  powers  are  independent 
the  cell  nncleus,  since  wo  find  them  all  exhibited  by  cells 
which  the  nucleus  is  wanting.  Moreover,  in  many  cases 
not  only  the  nucleus  but  all  grnnulca  are  absent,  and  yet  wo 
find  the  remaining  mass  nutritive,  reproductive,  in-itablc. 
contractile,  conductive,  co-ordimitive.  and  automatic.  We 
are  thus  driven  to  conclude  that  in  the  caseof  thegrnnuhir 
blood-cells,  these  faculties  are  most  probably  cndowmeuj 
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the  transpiireiit  portioua  uf  the  wll  body,  in  which  the 
granules  lie  imbeddtid.  This,  the  ruilly  working  |mrt  of  tlie 
cellf  U  kuuwn  as  the  cell  proiopltMtti.  The  rdle  of  the 
nucleus  and  grunuloif  ho  often  present  is  not  yet  well 
understood;  pos.?ihly  the  granules  in  many  cases  represent 
incompletely  assimilated  food. 

What  the  actual  chemical  constitution  of  protoplasm  is 
wo  do  not  know,  but  it  is  one  of  gi*eat  complexity.  All 
methods  of  chemical  analysis  destroy  it,  and  what  we  analyze 
is  not  protoplasm,  which  is  always  alive — which  is  a  form 
of  matter  endowed  with  those  properties  which  we  call 
vital — but  a  mixture  of  the  products  of  its  decomposition 
when  it  oeases  to  live.  Such  amixture  is  often  called  dead 
protoplasm,  but  the  phrase  is  objectionable  ad  implying  a 
contradiction.  Wherever  there  is  protoplasm  there  is  life, 
and  wherever  we  meet,  with  life  we  find  protoplasm,  ko  that 
it  has  been  called  tlie  ■*  physical  basis  of  life."  The  name 
protoplasm,  too,  is  rather  to  be  regarded  as  a  general  term 
for  a  number  of  closely  allied  substances  agreeing  with  one 
another  chemically  in  main  pointr*.  as  the  protelds  do,  but 
differing  in  minor  details,  in  conaequonce  of  which  one  cell 
differs  slightly  from  another  in  faculty.  On  proximate 
analysis  every  mass  of  protoplasm  is  found  to  contain  much 
water  and  a  certain  amount  of  mineral  salts;  the  water 
being  in  part  r*7/i.^//7"r«/  or  entering  into  the  structure  of 
the  molecules  of  protoplasm,  and  in  part  probably  deposited 
in  layers  between  them.  Of  organic  constituents  proto- 
jtlasm  always  yields  one  or  more  proteids,  some  fut^,  and 
some  starchy  or  saccharine  bfMly.  So  that  the  original 
protoplasm  is  probably  to  be  regarded  as  containing  chemi- 
cal '*  residues"  of  proteids,  fats,  and  carbohydmtes,  com- 
bined with  salts  and  water. 

The  Fundamental  Physiological  Properties.  All  living 
animals  possess  in  greater  or  ii-s.s  degree  the  pro|>erries  con- 
sidered in  this  chapter;  and  since  the  science  of  ph^'siology 
is  virtually  concerned  with  considering  how  these  proper- 
ties ar*Q  acquired,  maintained,  and  manifested,  and  for 
what  ends  they  are  employed,  we  may  cull  them  ihQfunda- 
m^uiid  phtfHiolixjical  properties^ 


CHAPTER  III. 

THE  DIFFEHEXTLVTIOX  OF  THE  TISSUES 

THE  PHYSIOLOUICAL  DmSION  OF  EMPLOY- 
MENTS. 


DeTolopmont.  Every  Haman  Body  commences  its  indi- 
ridtul  exiiit^uce  as  a  6iuglo  uacleated  cell.  Thu  cell, 
known  aa  the  ovum,  divides  or  segfnentu  and  gives  rise 


ri«.  IL— A.  «n  nrmn:  B  to  E,  snccestre  MacM  In  its  ae^menuttoa  until  the 
monuu,  V.  Is  itroiJuood. 

ft  maaa  consisting  of  a  numlior  of  similar  uniU  and  called 
the  mulhfrry  mnas  or  the  morula.  At  this  period  then, 
long  before  birlli,  there  ore  no  distiiignielmblo  tisanes  en- 
tering into  the  structure  of  the  Body,  nor  are  any  organs 
reoognizablo.  ^h 

For  a  short  time  the  morula  increases  in  size  by  tl]^| 
growth  and  division  of  its  cells,  but  very  soon  new  pro- 
cesses occur  which  ultimately  give  rise  to   the  compU 
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adult  btxlj  with  its  many  iissnefi  ami  organs.  Groups  of 
cellii  ceasing  to  grow  and  multijily  like  their  jmrenta  begin 
to  grow  iu  ways  peculiar  to  theiuHelves,  and  no  come  to 
differ  both  from  i\\e  oripiniil  cell-;  of  the  moruhi  and  from 
the  celU  of  other  groups,  and  tliis  unhkeuess  J>ecoming 
more  and  more  marked,  a  varied  whole  \»  finally  built  up 
from  one  originally  alike  in  all  it*  part*.  Peculiar  growth 
of  this  kind,  forming  a  complex  from  a  simple  whole,  in 
called  dt^vfJopmeht :  and  ihe  process  itself  in  this  case  ie 
known  as  the  differt'nfififi/m  of  the  ii.<xue»^  since  by  it  they 
are,  so  to  speak,  separated  or  spe<MaIized  from  the  general 
niOAs  of  mother-cells  forming  the  mornla. 

A«  the  differences  in  the  form  and  Htruetui'e  of  the  con- 
Btitnetit  celU  of  th«  morula  l>ecome  marked,  differeuceH  in 
property  arise,  and  it  beoomes  obviouH  that  the  whole  cell- 
aggregate  is  not  destined  to  give  rise  to  a  collection  of  in- 
depeudetkt  living  things,  but  to  form  a  single  human  being, 
in  whom  each  part*  while  maintaining  its  own  life,  shall 
Lave  duties  to  perform  for  the  good  of  the  whole.  In  other 
words,  a  single  compou?i(l  utdiridiral  is  to  be  built  up  by 
the  union  and  co-operation  of  a  number  of  wimple  ones 
represented  by  thevarioua  cells,  each  of  which  thenceforth, 
while  primarily  looking  after  its  own  int^restji^  and  having 
itA  own  ]>eculiar  faenltiei).  ha8  at  the  wime  time  its  activi- 
ties subordinated  to  the  good  of  the  entire  community. 

The  Physiological  Division  of  Labor.  The  fundamen- 
tal physiological  propertieB,  originally  exhibited  by  all  the 
cells,  become  ultimately  distributed  between  the  different 
modified  cells  which  form  the  tissues  of  the  fully  developeil 
Body  much  in  the  same  way  a^  different  employments  are 
distributed  in  a  civilized  etoite;  for  the  difference  between 
the  fully  developed  Human  Body  and  the  collection  of 
amoeboid  cells  from  which  it  started  is  essentially  the  same 
as  that  between  a  number  of  wandering  gavages  and  a  civi- 
lized nation.  In  the  former,  apart  from  differences  de- 
pendent on  sex,  each  individual  has  no  one  special  occu- 
pation different  from  that  of  the  rest,  but  haa  all  his  own 
needs  to  look  after:  Jio  must  collect  his  own  food  and 
prepare  it  fur  eating,  make  his  own  clothes  if  he  wears 
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any,  provide  his  own  shelter,  and  defend  himself  from  wild 
beasts  or  his  fellow  men.  In  the  civilized  conntrj,  on  the 
other  hand,  wo  find  agriculturists  to  raise  food  and  cooks 
to  prepare  it,  tailors  to  make  clothes,  and  policemen  and 
soldiers  to  provide  )>rotectiou.  And  just  as  we  find  that 
when  distribution  of  employments  in  it  is  more  minute 
the  more  advanced  a  nation  is  in  civilization,  so  is  on  ani- 
mal higher  or  lower  in  the  scale  according  to  the  degree  in 
which  it  exhibits  a  division  of  physiological  duties  between 
its  different  tissues, 

Frv^m  the  subdivision  of  labor  in  advanced  communities 
several  imfH>rtant  eimsequences  arise.  In  the  first  place, 
each  man  devoting  himself  to  one  kind  of  work  mainly  and 
relying  ujiou  others  for  the  supply  of  his  other  needs,  every 
sort  of  work  gets  better  done.  The  man  who  is  constantly 
making  boots  In^t-omes  more  expert  than  one  whose  atten- 
tion is  constantly  distntcted  by  other  duties,  and  he  will  not 
only  make  more  lx>ots  in  a  given  time,  but  better  ones;  and 
so  with  the  ))erformance  of  all  other  kinds  of  work.  In 
the  soeond  place,  a  necessity  arises  for  a  new  sort  of  indus- 
try, in  order  to  convey  the  produce  of  one  individual  in 
excess  of  the  needs  of  himself  and  his  family  to  those  at  a 
distance  who  may  want  it,  and  to  convey  back  in  return 
the  excess  of  their  produce  which  he  needs.  The  carnage 
of  fvKKl  frv>m  the  country  to  cities,  and  of  city  produce 
to  cv>uutry  districts,  and  the  occujiatiou  of  shopkeeping. 
are  iustauce^  of  these  new  kinds  of  labor  which  arise  in 
civiliivd  commuuitieSv  In  addition  there  is  developed  a 
need  for  arrangements  by  which  the  work  of  individuals 
shall  be  regulated  in  projvrtiou  to  the  wants  of  the 
whole  community,  such  a.^  i^?  in  part  effccteil  by  the  agency 
of  large  employer?  of  labor  who  regulate  the  activities  of 
a  number  of  iudividuals  for  the  pr^Hiuocion  of  rarious 
articlet*  in.  the  ditferent  t|uuiittties  re^utred  at  different 
ttme^ 

Exactly  similar  phen'^meua  result  fn>cu  the  subdiTtrfron 
of  labor  ra  the  cluman  R.'dy.  By  the  'ii:<tribuctou  of  em- 
plovtaents  becween  :ts  d;ff(?reric  tissues,  each  one  *peciaIlT 
lioin^  one  work  tK>c  the  general  comaian.icy  and.  relying  oa 
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tbe  others  for  llieir  aid  in  turn,  every  necessary  work  is 
better  performed.  And  a  nwd  arij*ea  for  a  distributive 
mec:hu^it^m  by  whicli  the  excess  products,  if  any,  of  vurious 
tiusncH  shall  l>e  ctirriiHl  to  uthi-rs  wliicli  roijuire  them,  and 
for  A  regiihitive  nieclmnism  by  which  the  activities  of  the 
vjirious  tissucft  »hall  be  rendered  proportionate  to  the  ueeds 
of  the  whole  Body  at  different  times  and  under  different 
circumstances.  Acctmlingly,  as  we  may  classify  the  in- 
hiibituntsof  the  United  States  into  hiwyers,  doctors,  clergy- 
men. nicrrhantH.  farmers,  and  so  on,  we  may 

Classify  tha  Tissues,  by  selecting  the  most  distinctive 
proi»ertics  of  each  of  those  entering  into  the  construc- 
tion of  the  adult  Body  and  arranging  them  int<i  physio- 
logical groups;  those  of  each  group  being  characterized  by 
some  one  pri>minent  enip!i>yment,  Ni»  such  classiHcatiou, 
however,  nm  be  more  than  a|iiiro.\imately  accurate,  since 
the  same  tissue  has  often  more  than  one  well-marked 
physiologic4il  property.  The  following  arrangement,  how- 
ever, is  practically  convenient. 

1.  Undifibrentiated  Tissues.  These  are  compoeeil  of 
cells  whuh  have  devel<tped  iilnng  nn  one  special  line,  but 
retain  very  much  the  form  and  properties  of  the  cells  form- 
ing the  very  young  Body  l>efore  different  tissues  wore  re- 
cognizable in  it.  The  lymph  corpiKJcles  and  the  colorless 
corpuscles  of  tlie  l)lo(id  U'long  to  this  class, 

2.  Supporting  Tiasuos.  Including  cnr/ilm/ft  (gristle), 
/tone,  and  n/nnerJirfi  fUane,  Of  the  latter  there  are  several 
subsidiary  varieties,  the  two  more  important  being  whiffi 
fibrous  co)ifipr(irfl  Umahp,  composed  mainly  of  colorless  in- 
extensible  rtbrcs,  and  iffHow  Jihrofts  tissue,  c.nniposed  mainly 
of  yellow  elastic  fibres.  All  the  supporting  tissues  are  used 
in  the  Bwlyfor  mechanical  purposes;  the  Iwncs  and  carti- 
lages form  the  hard  framework  by  which  softer  tissues  are 
supported  and  pn»tectod;  and  the  connective  tissues  unite 
the  various  btmos  and  cartilages,  form  investing  mem- 
branes around  different  organs,  and  in  the  form  of  fine 
networks  penolrate  their  substance  and  support  their  con- 
stituent cells.  The  functions  of  these  tissues  being  for  the 
most  part  to  passively  resist  strain  or  pressure,  none  of 
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serrante  to  put  the  focHl  into  Iiia  mouth,  had  finally  to 
How  aiid  di?cst  it  for  himsolf.  Moreover,  there  is  no 
7ix\  di^tiiHtiuii  l»etwccn  a  socretory  und  an  excretory 
rv\\:  each  of  them  is  eliiiructerizod  hy  iIjo  forinution  of  cer- 
tiin  subsUuees  which  are  poured  out  on  a  free  Hurface  on 
the  exterior  or  interior  of  the  Bmly.  Many  peeretory  colli! 
too  have  no  cuncem  with  the  di^'stion  of  food,  ns  for 
example  those  which  form  the  tears  und  sweat. 

4.  Storage  Tissues.  The  Body  due»  not  live  from  hand 
to  mouth:  it  im>  always  in  health  a  supply  of  food  materials 
netrumulatod  in  it  beyond  its  immediate  needs.  This  lies 
in  part  in  the  individual  cells  themselves.  ju3t  aa  in'a  pros- 
perous community  nearly  every  one  will  have  some  little 
pocket-money.  But  upiiirt  from  this  reserve  there  are  cer- 
tain cell?,  a  port  of  capit.ilistji,  which  store  up  con?tdcrahlp 
<jnantitiea  nf  material  and  constitute  what  we  will  call  the 
nioragf  tittftufj*.  Tliese  are  espeeiallj  i-epresented  hy  the 
livor-celU  and  fat-cellis  which  contain  In  health  a  reserve 
fund  for  the  rest  of  the  B<»dy.  Since  hoth  of  these,  to- 
rjether  with  secretory  and  excretory  cell?,  are  the  seats  of 
great  chemical  activity,  they  are  all  often  called  metafmUr, 

6.  Irritable  Tissues.  The  maintenance,  or  at  any  rate 
she  ho^t  pro^piMity.  iif  H  nation  is  not  fully  secured  when  a 
division  of  hihor  has  taken  place  in  food-sujiply  and  fiK»d- 
distrihntion  cmploymentis.  It  is  extremely  desirable  that 
means  shall  he  provided  by  which  it  may  receive  informa- 
tion of  external  changes  which  may  affect  it  as  a  whole, 
such  a?  the  policy  of  foreign  countries  ;  or  which  shall  cn- 
alilc  the  inhahitantfi  of  one  part  to  know  the  needs  of  an- 
other, and  direct  tlieir  activity  accordingly.  Foreign  min- 
i8tei*s  an<!  consuls  and  newspa|>er  correspondents  arc  cm- 
ploye<i  to  place  it  in  commnnication  with  other  states  and 
keep  it  informed  as  to  its  interests  ;  and  we  Hud  also  orga- 
nizations, such  ;is  the  meteorological  department,  to  warn 
distant  parts  of  approaching  storms  or  other  climatic 
changes  which  may  seriously  affect  the  pursuits  carried  on 
in  them.  In  the  Human  Body  wc  have  a  comparable  class 
of  inttiUigoace-gaiuing  tissues  lying  in  tlio  sense  organs, 
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vboH)  basiDeai  it  is  to  Mcertaia  and  commniucAte  to  the 
wtefey  •xteniftl  chaagM  vhich  occur  aroond  iL  Sbkoe 
the  aB(*fitliieaB  of  th«e  turoc*  depends  apon  tb«  radine«a 
villi  which  slight  caiues  etcite  them  (o  activityt  ve  mmr 
call  thctn  the  irrif^blf  Hj^utj'. 

0.  Co-ordiiuUtag  and  Automatic  Tfasaes.  Soch  tnfor- 
BUtioB  wm  that  oolleotod  h%  wtawtwi  in  foreign  pan^  or  bj 
tnetcorological  oheeirers,  is  onutUj  Mat  dirvct  to  fome  cen- 
tral o(Boe  from  which  it  ta  redi^tribated;  thiit  mere  redis- 
tribntioQ  ia^  hoveTer,  in  manf  caaee  but  a  amall  part  of  tba 
work  carried  on  in  aach  offioaa.  Let  us  sappoae  iaforam- 
tioo  to  be  obtained  that  au  Indian  chief  ii»  collecting  hia 
mcii  for  an  attack  on  some  poinU  The  news  is  probablj 
fintt  Unnsmitied  to  Washin^on.  and  it  bt^'omes  the  dutr 
of  the  execatiTe  offiLvrs  there  to  employ  certain  uf  the  con- 
stitmnt  nnita  of  the  tuition  in  each  definite  work  as  is 
D««ded  for  ita  protection.  Troops  have  to  be  ^nt  to  the 
place  threatened;  perhaps  recmit-s  enlisted:  food  and 
clothea,  weapons  and  ammunition  most  be  pmrided  for 
the  annj;  and  so  on.  In  other  words,  the  work  of  the 
rarions  claaaes  compociiug  the  sociotr  has  to  tic  organized 
for  the  common  good;  the  mere  sprcjwling  the  news 
of  the  danger  would  alone  be  of  littlu  avail  So  in  the 
Body:  the  information  fomardoil  to  cert^iin  centres  from 
the  irritable  tissues  is  n^ied  in  ^uch  a  wa^  as  to  aronse  to 
orderly  actiTily  other  tissues  who^  services  are  required;  we 
find  tiius  in  theae  centres  a  group  of  co-iyrdimiting  tissues, 
represented  br  turre-c^lh  and  iK>ssibly  bv  certain  other  e<»n- 
stttnenta  of  the  nerve  centres.  C'erUin  nerve-cells  are  also 
automtUit  in  the  physiological  sense  already  pointed  out. 
Tl  '  _'  ost  njanife«tation  of  this  latter  fncullv.  shown 
el  -  by  mtiscalar  movements,  ig  eubjc-ctivelv  known 

as  the  '-will/*  a  state  of  consciousness;  and  other  mental 
phenomena,  as  sensations  and  emotinus,  are  also  associated 
with  the  activity  of  nerve-cells  lying  in  the  brain.  How  it 
is  ihi^^  nny  one  state  of  n  material  c-oll  thonld  give  rise  to  a 
particular  state  of  consciousness  is  a  mutter  quite  berond 
our  powers  of  conception;  but  not  really  more  so  than* how 
it  n  that  every  portion  of  matter  attracts  ever)-  other  por- 
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awarding  in   the  law  of   inverso  sqnarei.      In   the 

ing  Bmiy,  as  filsewlierc  in  the  tiniverse,  we  can  8tui]y 

phenomena  and   mukc  out  their  relatione  of  geqnenco  or 

lco-oxist«ncc;  but  why  one  phenomniun  in  accompunied  by 

mother,  why  in  fact  any  c4kU8e  produces  ai\  effect,  'n  a 

iter  (juite  beyond  our  reach  in  every  case;  whether  it  be 

iensation  accompunyiug  a  molecular  change  in  a  nerve- 

1,  or  the  fall  of  a  stone  to  the  ground  in  obedience  to  the 

law  of  gravitation. 

7.  Motor  Tifisues.  These  have  the  cuntractllity  of  the 
original  protoplasmic  masses  highly  dcvelo{>ed.  The  more 
important  are  ciliated  cells  and  museaUtr  iiasue.  The  for- 
'mer  line  certain  surfaces  of  the  t>ody,  and  poesess  on  their 
tfroe  Hurfacefl  fine  threads  which  are  in  constant  movement. 

'ue  finda  such  celU,  for  example  (Fig.  47*)  lining  the  in- 

Eide  of  the  windpipe,  where  their  threads  or  cilia  serve,  by 

itheir  motion,  to  ijweep  any  fluid  formed  there  towards  the 

[throat,  where  it  can  be  coughed  np  and  got  rid  of.     Mus- 

icnlar   tissue   occurs    in   two   main   varieties}.     One  kind  is 

itmd  in  the  mubdcs  attached  to  the  hones,  and  JB  that 

in  the  ordinary  voluntary  movemeutA  of  the  Body. 

18  composed  of  fibres  which  present  cross-atripes  when 

viewed    under    the    microwopo    (Fig.  .'J.Sf),  and    i»   hence 

^known  aa  stripM  or  RtriaM  munr^ilar  iisttuf.     The  other 

;ind    of   mnscular   tissue   is   found    in    the   walls   of   the 

blimentary  canal  and  some  other  hollow  organs,  and  con- 

ti?t^  of  elongated  cells  (Fig.  .V>  J)  which  present  no   cross 

'Btriation.     It  is  known  as  plain  or  vnMriaM  mu^oular 

\iis^u«. 

The  cells  ennmerated  under  the  lieading  of  "nndiffcr- 
rntiatod  tissnes"  might  also  be  included  among  the  motor 
►iwnes,  since  tliey  are  capable  of  changing  their  form. 

8.  The  Conductlye  Tlasuefl.  These  are  represented  by 
>tlio  nrrvf  fibres^  slender  threads  formed  by  modification 
And  fusion  of  cells,  and  liaving  the  conductivity  of  the 
ama^boid  cells  of  the  mo/ula  highly  developed;  that  is  to 
■ay,  they  readily  transmit  molecular  disturbances.  When 
'it6    equilibrium    is    upset   at  one  end,  a   nerve-fibre   will 

'ansmit  to  its  other  a  molecular  movement  known  as  a 


31 


TUB  HUMAN  BODY. 


*'  tirrrntts  impuhfi,*'  and  so  can  excite  in  tnm  parts  distant 
from  the  originnl  c^oitiii?  force.  Xerve-fibros  place,  on 
the  one  hand,  the  iirilablc  tissues  in  conuootion  with  the 
nntomatic.  oo-onliimting.  and  sensory;  and  on  the  other 
put  the  three  latter  i]i  comniunic^ition  with  the  muscular, 
secretory,  and  oiher  tissue?. 

9.  Protective  Tissues.      Tlicse  consist  of  certain  colls 
lining  cavitiew  ingiUt*  ihc  body  and  called  fpithrUal  cvlh^ 
and  cells  covering   the  whole   exterior  of  the  Body  and' 
forming  tpidrrmiy,  hnirn,  and  nnifn.     The  enamel  which 
covers  the  teeth  belongs  abo  to  this  group. 

The  class  of  protective  tit^^^ues  is,  however,  even  more 
artiliciul  than  that  of  the  nutritive  liKftues,  and  cannot  be 
defined  by  positivo  characters.  Many  epithelial  cells  are 
secretory,  excretorv.  or  receptrve;  and  ciliated  cells  have 
already  been  included  among  iho  motor  tissues,  although 
from  the  fact  that  the  movements  of  their  cilia  go  on^| 
in  separated  cells  and  independently  of  recognizable  exter-  ^^ 
nal  stimuli,  they  might  well  have  been  put  among  the  au- 
tomatic. The  ]>rotcctivo  tissues  may  be  best  dclined  as 
including  cells  which  lino  freo  surfaces,  and  whose  func- 
tions arc  mainly  mechanical  or  physical. 

10.  The  Roproductivo  Tiaauea.  These  arc  concerned' 
in  the  production  of  new  jjuHviduals,  and  iuthelluman 
Body  are  of  two  kinds,  Im^ated  in  different  sexes.  The 
conjunction  of  the  products  of  each  sex  is  necessary  for  the 
origination  of  offspring,  since  the  ovum,  or  female  pro- 
duct which  directly  develops  into  the  new  human  being, 
lies  dormant  until  it  has  been  fertilizni  or  acted  upon  by 
the  product  of  the  male. 

The  Combinatioii  of  Tissues  to  Form  Organs.  The  va- 
rious tissues  al>ovc  t'uumcrated  forming  the  building  mate- 
rials of  the  Body,  anatomy  is  ])rimarily  conccnicd  with 
their  structure,  and  physiology  with  their  properties.  If  i 
this,  however,  were  the  whole  matter^  the  problems '^B 
of  anatomy  and  physiology  would  l>e  much  simpler 
than  ihoy  actually  are.  The  knowledge  about  the  living 
Body  obtained  by  studying  only  the  forms  and  functions 
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nr  the  indiviJuul  tissues  wonUl  J>c  comparable  to  thiit  Ht- 
tiiino:!  iiJjnut.  a  great  fm't^iry  by  Riudying  sepivriitcly  tho 
boilers,  pistoiiM,  level's*  whevla,  etc.,  funnel  in  it,  and  Icuv- 
in^  out  of  ncooimt  altogetlicr  tl»o  way  in  which  those  arc 
combined  tn  form  vurious  iniichiues;  for  in  the  BcmIv  the 
Tiirious  tissues  are  for  the  most  part  asstK'iated  to  form 
orgatu^  each  organ  unawerin^  to  a  comjdcx  machine  like  a 
steam-engine  with  it^  numerous  conMituent  partd.  And 
jtist  \vi  ill  different  machines  a  cogged  wheel  may  perform 
very  different  dutif^s.  dependent  upon  the  way  in  whicli  it 
is  counoctei  with  other  purt«,  eo  in  the  Body  any  one  tis- 
gue,  altiiough  its  essential  properties  are  ererywheru  tho 
same,  may  by  its  aetivity  dubaervo  very  various  uses  accord- 
in.:^  to  tlie  manner  in  which  it  is  combined  with  others. 
fFor  example;  A  nervo-tibrc  uniting  the  eye  with  one  part 
of  the  bmin  will,  by  means  of  its  conductivity,  when  its 
cud  in  t.iio  eye  is  excited  I)y  tho  irritable  tissue  attached  to 
it  on  which  light  acts,  cause  changes  in  the  sensory  nerve- 
ceUs  connected  with  its  other  end  and  ho  arouse  a  sight 
ecu'iution;  but  an  exactly  similar  norTo-fibro  ininning  from 
the  bniui  to  tho  muscles  will,  also  by  virtue  of  its  conduc- 
tivity, when  its  ending  in  the  brain  is  excited  by  a  change 
in  a  nervo-cell  connected  with  it,  stir  up  the  muscle  to  con- 
tract under  tho  contn)l  of  the  will.  Tho  different  results 
C  depend  on  tho  liifferent  parU  connected  with  the  ends  of 
the  nerve-fibrcii  in  each  case,  and  not  (m  any  difference  in 
the  propertioj  of  the  nerve-fibres  themselves. 
Lt  becomes  necessary  then  to  :*turly  the  arrangement  and 
nac*  of  tho  tissues  as  combined  to  form  various  organs,  and 
this  is  frequently  far  more  difficult  than  to  make  out  tlie 
structure  and  properties  of  tho  individual  tissues.  Au  or- 
diti'iry  mnsclo,  snoh  i%&  one  sees  in  the  leam  of  meat,  is  a 
very  complex  organ,  containing  not  only  eontraotile  mus- 
cular tissue,  but  supporting  and  uniting  connective  tissue 
ind  conductive  nerve-fibres,  and  in  addition  a  complex 
commissariat  arrangement,  composed  in  its  turn  of  several 
tissues,  concerned  in  the  foi>d  sujtply  and  waste  removal  of 
tho  whole  muscle.     Tho  anatomical  study  of  a  muscle  has 
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to  take  into  account  tlie  arruu^cmciit  of  nil  tlio.'sc  parts 
within  it,  and  also  its  conncctiona  -with  other  organs  of  tho 
Body.  The  physiology  of  any  musclo  must  take  into  ac- 
count the  actions  of  all  thc*>e  ]>urts  working  together  and 
not  merely  the  functions  of  the  muscular  fibres  themselves, 
and  has  also  to  make  out  under  what  conditions  the  muscle 
is  excited  to  activity  by  change*  in  other  organs,  and  what 
changes  in  tliese  it  brings  about  when  it  works. 

Physiological  BlechAnisma.  Even  tho  study  of  nrgnna 
added  to  that  of  the  nejuinue  tissues  does  not  exhaust  iho 
whole  matter.  In  a  factorj*  we  frequently  finri  machines 
arranged  «o  that  two  or  more  shall  work  together  for  the 
performance  of  some  one  work:  a  steam-engine  and  a  loom 
may,  for  example,  l>o  cfmnected  and  used  together  to  weave 
carpets.  Similarly  in  the  Body  several  organs  are  often 
ftrranged  to  work  together  so  as  to  attain  some  one  end  by 
their  united  actions.  Such  combinations  are  known  us 
phtfHwlwjiral  apparaluHvs,  Tiiu  circulatory  apparatus,  for 
example,  consists  of  various  organs  (each  in  turn  composed 
of  several  tissues)  known  as  heart,  arteries,  capillaries,  and 
veins.  The  henri  fftrms  a  force-pump  by  which  tl^e  blood 
18  kept  flowing  thnnigh  the  whole  mechanism,  and  the 
rest,  known  together  as  the  blood-vesseh,  distribute  the 
blood  to  the  various  organs  and  regulate  the  supply  accord- 
ing ti)  their  needs.  Again,  in  the  visual  apparatus  we  find 
the  co-operation  of  (a)  a  set  of  optical  instruments  which 
bring  the  light  proceeding  from  external  objects  to  a  focus 
upon  (6)  ther<f//wfr.  which  contains  highly  irritable  parts; 
these,  changed  by  the  light,  stimulate  (r)  the  optir  nrrt*e^ 
which  is  conductive  and  tninsmils  a  disturbance  which 
arouses  finally  (d)  sensory  parts  in  the  /train.  In  the  pro- 
duction of  ordinary  sight  sensations  oil  these  parts  arc  con- 
cerned and  work  together  as  a  visual  apparatus.  So.  too, 
we  find  a  rexpirafary  apparaliiK,  consisting  primarily  of  two 
lioUow  organs,  tho  lungs,  which  lie  in  the  chest  and  com- 
municate by  the  wtptdpipe  with  the  back  of  the  throat, 
from  which  air  enters  them.  But  to  complete  tho  respi- 
ratory ap]*aratu8  aro  many  other  organs,  bones,  muscles. 
jjerves,  and  iiene-ccntres,  which  work  together  to  renew 


ANATOMICAL  SYSTEMS. 


37 


» 


I 


the  air  in  Uie  luiigji  from  time  to  timo;  and  the  act  of 
breathing  JB  the  (inal  result  of  the  activit)  of  the  wliole 
apparatns. 

Munv  similar  instanoes.  as  the  alimentjirv  apparatus,  the 
auditory  appai-atus,  and  so  on,  will  readily  be  thought  of. 
The  study  of  the  working  of  such  complicated  mechanisms 
forms  a  very  imj^ortant  part  of  physiology. 

Anatomical  Systems.  From  the  anatomical  side  a 
whole  collection  of  bixlily  organs  agreeing  in  stnictnre 
with  one  another  is  often  8i»oken  of  aa  a  system;  all  the 
muscles,  for  example,  are  groupe<l  together  as  the  mvsrular 
gyitti*rn,  and  all  the  bones  as  the  oriMrott.t  tut/ttit'm,  and  so  on, 
wilfiout  any  reference  to  the  different  uses  of  different 
muscles  or  bones.  The  term  system  is,  however,  often  used 
as  equivalent  to  **  appai'atus:"  one  reails  indifferently  of  the 
"circulatory  system'^  or  the  •' circulatory  appiirat us."  It 
is  better,  however,  to  reserve  the  term  system  for  a  collec- 
tion of  organs  classed  together  on  account  of  similarity  of 
stnictnro;  and  **  apparatus"  for  a  collection  of  organs  con- 
sidered together  on  account  of  tlieir  co-<iperation  to  execute 
one  funi'tion."  The  former  term  will  then  have  an  anatomi- 
cal, tlie  latter  a  physiological,  signincance. 

The  Body  as  a  Working  Whole.  Finally  it  must  all 
tiirough  bo  borne  in  mind  that  not  even  the  mopt  complex 
system  or  apparatus  can  bo  coiisidennl  altogether  alone  aa 
an  independently  living  part.  All  arc  unite*!  to  make  one 
living  Body,  in  which  there  is  throughout  a  mutual  inter- 
dependence, so  that  the  whole  forms  one  human  being,  in 
whom  the  circulatory,  respiratory,  digestive,  sensory,  and 
other  apparatuses  are  constantly  influencing  one  another, 
each  modifying  the  activities  of  the  rest.  This  interaction 
is  mainly  brought  about  through  the  conductive  and  co- 
ordinating tissues  of  the  nervous  eystem,  which  place  all 
part-g  of  the  Body  in  communication.  But  in  addition  to 
this  another  bond  of  union  is  formed  by  the  blood,  which 
by  the  circulatory  apparatus  is  carried  from  tissue  to  tissue 
and  organ  to  organ,  and  so,  bringing  materials  derived  in 
one  region  to  distant  parts,  enables  each  organ  to  influence 
all  the  rqst  for  good  or  ill. 
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Besides  the  blood  another  liquid,  called  lymph,  exists  in 
the  Body.  It  is  contained  in  vessels  distinct  from  those 
which  carry  the  blood,  but  emptying  into  the  blood-vessels 
at  certain  points.  This  liqnid  being  also  in  constant  move- 
ment forms  another  agency  by  which  products  are  carried 
from  part  to  part,  and  the  welfare  or  ill-fare  of  one  member 
enabled  to  influence  alL 


CHAPTER  IV. 

THE  INTERNAL  MEDIUM. 

The  External  Medium.  During  the  whole  of  life  inter- 
changes of  material  go  on  hetwoon  every  living  being  and 
the  external  world;  by  these  exchanges  nmterial  particles 
that  OQC  time  constiiuto  parts  of  inanimate  objects  come 
at  another  to  form  part  of  a  living  being:  and  later  ou 
these  same  atoms,  after  having  been  a  part  of  a  living  cell, 
are  passed  out  from  the  Body  in  the  form  of  lifeless  com- 
ponnds.  As  the  foo<:ls  and  Avastes  of  various  living  things 
differ  more  or  less,  so  are  more  or  less  different  environ- 
ments suited  for  their  existence;  and  there  \s  aecordingly 
a  rclationshij*  between  the  plants  and  animals  living  in 
anyone  place  and  the  conditions  of  air,  earth,  and  water 
prevailing  there.  Even  such  simple  unicellular  animals  as 
the  amcBlxB  live  only  in  water  or  mud  containing  in  solu- 
tion certain  gases  and.  in  suspension,  solid  fr»od  particles; 
and  they  soon  die  if  the  water  Imj  changed  either  by  essen- 
tially altering  its  gases  or  by  taking  out  of  it  the  solid  food. 
So  in  yeast  we  find  a  unicellular  plant  which  thrives  and 
mnltiplios  only  in  lifpiid?  of  certain  composition,  and  which 
in  the  ab-^ence  of  organic  compounds  of  carbon  in  solution 
will  not  grow  at  all.  Each  of  these  simple  living  things, 
which  corresponds  to  one  only  of  the  innumerable  cells 
composing  the  fnll-grown  Human  Body,  thus  ref|uires  for 
the  manifestation  of  its  vital  properties  the  presence  of  a 
surrounding  medium  suited  to  itself:  the  yeast  would  die. 
or  at  the  best  lie  dormant,  in  a  li(|uid  contoining  only  the 
soUd  organic  particles  on  which  the  amo?ba  lives;  and 
the  amoeba  wonld  die  in  such  solutions  as  those  in  which 
yeast  thrives  best. 
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The  Intomal  Medium.  Tlio  same  close  relationship 
between  iho  living  being  and  its  environment,  and  tlie 
same  cyclical  int^rchango  tjctwcen  the  two  wliich  wo  find 
in  the  amoeba  and  the  yeost-coU,  occur  also  in  evc»n  the 
most  complex  living  hcings.  When,  however,  an  animal 
comes  to  be  composed  of  many  colls,  aoiiio  of  which  are 
placed  far  away  fnjm  tlio  ifurfuce  of  its  b<nly  aiul  ro  from 
immediate  coutat.'t  with  i\\\.\  t^iivironnient,  tliere  arises  a  new 
need — a  nccpssiiy  for  an  internul  medium  or  plasma  which 
ehall  play  the  same  i)art  toward  the  individual  cells  aa  the 
surroun<ling  air,  water,  and  food  to  the  whole  animal.  Tliia 
internal  medium  kept  in  movement,  and  receiving  at  some 
regions  of  the  bodily  surfaces  materials  from  the  exterior, 
while  losing  other  substances  to  the  exterior  at  other  sur- 
faces, thus  forms  a  sort  of  middlemim  l>etwoen  the  in- 
dividual tissues  and  the  surrounding  world,  and  stands  in 
the  same  relationship  to  each  of  tlio  cells  of  tlio  Body  as 
the  water  in  which  an  amieba  lives  doen  to  that  animal  or 
beer-wort  does  to  a  yeast-cell.  Wo  find  accordingly  tho 
Human  IVniy  pervaded  by  a  liquid  pljinnui,  conlaining  gases 
and  food  material  in  solution,  and  the  presLMu*eof  wbich  is 
ncc^ssjtry  for  tlie  maintenance  of  tho  life  of  tbe  tissues. 
Any  great  change  in  this  medium  will  affect  injuriously 
few  or  many  of  the  groups  of  cells  in  tho  Body,  or  may  oven 
cause  their  dciitli;  just  as  altering  the  media  in  which, 
they  live  will  kill  an  amoeba  or  a  ye;ust-c^dl. 

The  Blood.  In  the  Human  Body  (he  internal  medium  is 
primarily  furnished  by  tho  blood,  which,  as  every  one 
knows,  is  a  red  liquid,  vciy  widely  distributed  nvcr  tho 
frame, since  it  tlows  from  any  part  when  the  skin  is  cut 
through.  There  arc  in  fact  very  few  portions  of  tho  Body 
into  which  the  blood  is  not  carried.  One  of  the  cxc4>ptionB 
is  the  epidermis,  or  outer  layer  of  the  skin  :  if  a  cut  bo 
made  through  it  only,  leaving  the  deeper  skin-layers  in- 
tact, no  blood  will  flow  from  the  wound.  Hairs  and  nails 
also  conbiin  no  hlcH»d.  In  tho  interior  of  tho  Body  the 
epithelial  cells  lining  free  surfaces,  such  as  the  inside  of 
the  alimentjiry  c:mal,  rnutain  no  blond,  nor  do  the  hard 
partvi  of  the  tooth,  tho  curtilages,  and  the  refracting  media 
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of  the  eye  (soG  Chap.  XXXL),  hnt  thoM  interior  parts  nre 
ntoist^Tied  with  lii^uid  of  some  kind,  und  unlike  the  epi- 
dermic Mre  protected  from  rapid  evaporution.  All  the»o 
bloodle^^a  parts  togellier  form  u  group  of  rwn-vajtrulttr  ttjt- 
»uefc;  they  ulone  excepted,  wounding  uj»y  pwt  of  the  Body 
will  bo  followed  by  bleeding. 

In  many  of  tho  lower  animals  tlierc  is  no  need  that  the 
li«ini<l  representing  their  blo*.Ki  should  be  renewed  very 
rapidly  in  d.ITcrent  parts.  Their  cellB  live  elowly,  und  so 
ref^uire  but  little  fixHi  und  produce  but  little  waste.  In  n 
Bea  anemone,  for  example,  tiiere  is  no  s(>cciul  arrangement 
to  keep  the  blood  moving;  it  is  jn.-*t  pujshed  about  from 
part  to  part  by  the  general  movements  of  the  body  of  the 
animal.  But  in  higher  unimuls,  especially  those  with  an 
©levate<l  tcmpeniture,  such  an  arrangement,  or  rather  ab- 
sence of  arraugomeut,  aa  this  would  not  suffice.  In  them 
the  constituent  cells  live  very  fast,  making  much  waste  and 
using  much  food,  and  so  alter  the  blood  in  their  neigh- 
borhood very  mpidly.  BesidcH,  we  have  seen  that  in  com- 
plex animals  certain  celln  arc  set  apart  to  got  food  for  the 
whole  organism,  and  ecrtuin  others  to  Hnally  remove  its 
iirastea,  and  there  mu^t  be  a  sure  and  rapid  interchange  of 
material  between  the  feeding  and  excreting  tissues  and  all 
Uie  othei*s.  This  can  only  bo  brought  about  by  a  rapid 
aMTement  of  the  blood  in  a  dotlnite  course,  and  this  is  ac- 
OofDplished  by  shutting  it  up  in  a  closed  set  of  tubes,  and 
placing  somewhere  a  ])ump,  whicli  constantly  taikes  in 
bbxKi  from  one  end  of  the  system  of  tubes  and  forces  it 
out  again  into  the  other.  Sent  by  this  pump,  the  heart, 
i-through  all  j)arts  of  the  Body  and  back  to  the  heart 
ag;vin.  the  blood  gets  food  from  the  receptive  cells,  takes  it 
to  the  working  cells,  carries  utf  the  waste  of  these  latter  to 
the  excrctint;  cells  ;  and  so  the  round  goes  on. 

The  Iiymph.  The  blood,  however,  lies  everywhere  in 
^closed  tnbi»s  formed  by  the  vascular  system,  and  does  not 
come  into  direct  cont.uct  with  any  cells  of  the  Body  except 
those  wkich  tloat  in  it  and  those  which  line  the  interior 
[of  the  blood-vessels.  At  one  jiart  of  its  course,  however, 
the  vcsseU  through  which  it  pusses  have  extremely  thia 
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eouUf  and  through  the  walb  of  thefie  capillnriea  liquid 
truu^udcs  frum  tbo  blot^  ajjd  Uitlies  the  various  tissues. 
The  trttiisudt'd  liquid  is  tbe  lymph,  and  it  is  this  which 
forms  the  inimediato  uutheui  plasmu  of  the  ti^sue-s  except 
the  few  wliich  the  blood  moistens  directly. 

DialysiB.  ^'hcu  two  li^uidd  eontuiiiiug  different  mut- 
ters in  solution  are  sepurutcd  from  one  another  by  a  moiAt 
animal  membrane,  an  interchange  of  material  will  take 
place  under  certain  conditions.  If  A  be  a 
vessel  (Fig.  9)  completely  divided  vertically 
by  such  a  membrane,  and  a  solution  of  com- 
mon salt  in  water  be  phic^ed  on  the  side  h, 
and  a  solution  of  t^ngnr  in  water  on  the  side 
r,  it  will  bo  fouu<i  after  a  time  that  some 
salt  has  got  into  c  and  some  sugar  into  b^  al- 
though there  are  no  visible  pores  in  the  parti- 
tion. Such  an  interchange  is  Raid  to  Iw  dn<? 
to  dwhfAt'xoT  onmoshy  and  if  the  pro<*csfl  were 
allowed  to  go  on  for  some  hours  the  same 
proportions  of  salt  and  sugar  would  ho  found  in  the  soln- 
tious  on  ouch  side  of  the  dividing  membrane. 

The  Henewal  of  the  Lymph.  Osmotic  phenomena  play  a 
great  part  in  the  nutritive  processes  of  the  Body.  The 
lymph  pre.<sent  in  any  organ  gives  up  things  to  the  cells  there 
and  get^  things  from  them;  and  so,  although  it  may  have 
originally  been  tolenibly  like  the  liquid  part  of  the  blood,  it 
S4ion  ucfpurcs  a  different  cheuiicul  composition.  Diffusion 
or  dialysis  then  commences  between  the  lymph  outside  and 
tho  blood  inside  the  capillaries,  and  the  latter  gives  up  to 
tlie  lymph  new  mnteriala  in  place  of  those  whicliit  has  lo.«t 
and  t^ikes  from  it  the  waste  jtrwlncts  it  bus  received  from 
tho  tissues.  When  this  blood  thus  altered  by  exchanges 
witli  the  lymph  gets  again  to  the  neigliborhood  of  the  re- 
ceptive cells,  having  htst  some  focKl  materials  it  is  poorer 
in  these  than  the  richly  supplied  lymph  around  thoee  cells, 
and  takes  up  a  supply  by  dialysia  from  it.  When  it  reaches 
the  excretory  organs  it  had  pix'viouslv  jiicked  up  a  quantity 
af  waste  matters  ond  loses  tht^c  hy  dialysis  to  the  lymph 
there  i»reseut,  which  is  specially  poiir  in  such  mutters^ 
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the  e.Tcrotorj  cells  constantly  dci)rivo  it  of  them.  In 
ton:*efjncnco  of  the  rlilloront  wuuts  and  wastes  of  vjirioua 
Us,  nnd  of  the  H:ime  colls  nt  tlifferont  times,  tlie  lymph 
list  vary  eon^idcrnlily  in  cnmposition  in  various  organs  of 
le  Body,  and  the  blood  Mowinir  through  them  will  g]iin  or 
ose  differc!»t  things  in  different  phwcs.  But  renewing 
uring  its  cireuit  in  one  what  it  loses  iu  another,  its  aver- 
ge  eoraposition  is  kepi  pretty  constant,  and,  through  in- 
endiuuge  with  it,  the  average  composition  of  the  Ivmph 

Th9  Lymphatio  Vessels.     The   blood,  on    the    whole, 
osco  more  liquid  to  the  lymph  through  llie  eapilhiry  walls 
lan  it  receives  back  llie  «ime  way.     This  depends  mainly 
I  the  faet  that   the  pressure  on  the  blood  inside   the  vea- 
ls is  greater  than  that  on  the  lymph  ontsidc,  and  so  a 
certain  amount  of    filtration  of   liijuid    from  within    out 
occqrt)  through  the  vascular  wall  in  addition  to  the  dialysis 
roper.     The  excels  is  collected  from  the  various  organs  of 
l»e  Bwly  into  a  set  of  hjmphatir.  vpjufels  which  carry   it 
irectly  l)ack  into  some  of  the  larger  blood-ve^.-jels  near 
▼here  these  empty  into  the  heart;  and  by  this  flow  of  lymjth, 
under  pressure  from   beliind,  it  is  renewed  iu   various  or- 
ns,  fresh  li(piid  filtering  through  the  capillaries  to  bike 
place  li--^  fast  as  the  old  is  carried  off. 
The  Lacteals.     Iu  the  walls  of  the  alimentary  cjinal  cer- 
tain fiHKi  materials  after  passing  through  the  receptive  cells 
to  the  lympii  are  not  trun.sferred  lontlly,  like  the  rest,  by 
alysis  into  the  blood,  but  are  carrried  off  Iwidily  in   the 
mph-vcssels  and  }»oured  into  the  veins  of  a  distant  j>art 
f  the  Body.     The  lymphatic  veHsels  concerned  in   this 
ork,  being  freipiently  tilled  with  a  white  litjuid  during  di- 
cstion.  arc  called  the  milky  or  htrfettl  reMSfls. 
Summary.     To  sum  up:  the  blood  and  lymph  form  the 
iitcrnal  medium  in  which  the  tissues  of  the  Body  live;  the 
ymph  is  primarily  derived  from  the  lilood  and  forms  the 
mmediatc  phi^ma  for  tl»e  great  majority  of  the  living  cells 
f  the  Body:  and  the  excess  of  it  is  finally  returned  to  the 
ood.     The  lymph  moves  but  slowly,   but  is  constantly 
novated  by  the  blood,  which  is  kept  in  rapid  movement. 
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and  which,  besides  containing  a  store  of  new  food  matters 
for  the  lymph,  carries  off  the  wastes  which  the  various  cells 
have  })onred  into  the  latter,  and  thus  is  also  a  sort  of  sewage 
9tn^am  into  which  the  wastes  of  the  whole  Body  are  pri- 
marily i^olloctetl. 

Miorosoopio  Charftoters  of  Blood.  If  a  finger  be 
pricked,  and  the  dmp  of  blood  flowing  out  be  received  on 
a  jrltt^  slide,  covered,  protected  from  evaporation,  and  ex- 
amined with  a  micnisc4»i>e  magnifying  about  400  diameters, 
it  will  be  setm  to  inmsist  of  innumerable  solid  bodies  float- 
\\\g.  in  a  liquid.  The  solid  b<xlies  are  the  blood  corpHsclea, 
ami  the  liquid  is  the  bUn^l plaitina  oTliqvor  sanguini^t. 

The  coqmsclos  are  not  all  alike.  While  currenu  still 
exist  in  the  freshly  sprwwl  dn^p  of  Wood,  the  great  majority 
of  them  are  r\^ily  os\rrieil  to  and  fn>;  but  a  certain  num- 
ber more  o^numonly  stick  to  the  glass  and  remain  in  one 
plao«.     The  former  are  the  m/,  the  hitter  the  pale  or  eoior- 

Bed  Oorpusdea.  /'"r**i  #!««/  >V:/*.  The  red  corpuscles  as 
iboy  flo*;  alvntt  fptsjuenUy  j*vm  to  vary  in  form,  but  bv  a 
little  attention  it  i-^i  be  made  oiu  that  this  appearance  is 
due  'o  thoir  tuniing  rvmnd  as  they  fl^vit,  and  s^>  presenting 
differvnt  as;ve:s  :o  view;  just  ;is  a  siher  dollar  presents  a 
di^ervu:  ov.-.'-ino  a^wrvirugas  i:  i>  Uvki^I  as  fi\>m  the  front 
oc  ^^'*-?e  or  :u  ;hrve-ir..irter  pnti>. 

S.=:^'::nie>  :>.e  vvr;vi>^:o  (Fig.  hK  Hi  ap^var?  circular; 
the"  ::  :>  ^•^"  ^■-  '--;  -^v:  ^>:i:<:::::us  linear  f'Land 
>^-^"--5  -*^*"^»>-  -"-  *"^  nr.odlv:  >v»:iu : •  ntt-s  oval,  as  the 
d-'Jir  w^--:  hi:i-w:»y  ;<:wcv:i  a  fi:':  i:;^  ^  <:j^  ^;^^^ 
T^e*c  V  y^-ATirovs  s>..^*  :>.*:  v;w":  -.•'  vvrvus^^e  is  a  oircn- 
Ur  i  >i.  >-  r.--:-y  .-.■....•«,».:  r-  :.>:  -:v..::.-  -  bwr-.^-ave*  and 
iS  u:  i-~r  '..--ii-  as  v:  w  is  ::  s  :Luk.  The  4T^rii:>:  iran^- 
wcs*f  ii^rftcr  :s  -.»vi  =::  1  a.--:.r  ,^^^  i^-x,  Shortly 
^'.ec  Svi  >  i-^^-  :-c  cvry-^^ix-j  arrai^v  ;ct-=:,^:Tw  ia 
r-*<*  .'-  -.•.;-'*.%  ifciir-r.^z  :.►  o-e  arr.'tlv.-  :y  rh^;.-  trv-od<T 
jitrfii-vs.—  ./'  X'-.r.  srr'y  tT*o:i  rv.i  .-•-"^is.:^-  -^  ^-.f  ^ 
r»:i- .--:.':■*  .•;.•::;  j  s  ->  w>.t'r.  vv'/.^vrtx:  :_  :::j,sses  lijaj 
ii-ij  >?'}*::*^  ^^-      "  '='  -".V'l  •.»;<  :*  rvo  .v^r  :■;  :^-  ^r^at 
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thin  layer  it,  too,  is  yellow.  In  a  cubic  millimeter  (^  inch) 
of  blood  lht'»-e  tire  about  live  inillioii  rtxl  corjmsc'le*. — Sfruc- 
iure,  8©en  £rom  the  front  the  central  part  of  cwrh  red  cor- 
puscle in  aoertaiu  f<xni8  of  the  niiL'roscopoap|>earB  dimmer  or 
darker  than  the  re*Jt  (Fig.  10,  B),  except  u  naiTow  band 
iiejir  the  outer  rim.  If  the  lens  of  the  tiiieroseopr  Ik*  niised, 
however,  thia  previously  dimmer  centrul  |mrt  becomua 
brighter,  and  the  proviourfly  brighter  part  obscure  (E), 


Fio.  10.— Blood  corpitRolea.  /4,  ma^nfflnl  about  ^OOdlamptcn.  Tb«*redcor 
k\v9  hare  ftiranged  tbeitu(elva«  iu  mulraux  ;  a.  a.  vcUtrUmm  corinifc\eK  ;  R, 
corpiiaclu  more  Duntlled  and  neen  In  focus  :  /C.  a  r»il  oorpuwle  KliK)itly 
of  focuA  Near  tta«  ngtil-band  bjp  corner  in  a  ml  oorpnacle  seea  fn  itiree* 
irtar  faoB,  and  at  Cone  sevo  edgawUe.    >',  O,  i/,  J,  whlu)  corjtuscUM  Ul^Uly 


jThis  diffcreriee  in  appearance  does  not  indicate  theproPDncfl 

if  a  ocntml  part  or  i//vr//'w.*  different  from  the  rest,  but  is 

optical  phenomenon  due  to  the  8hrt|>e  of  the  corpnscle, 

consequence  of  which  it  nct3  like  a  little  biconcave  lens 

[see  Physics).      Rays  of   light  passing  through  near  the 

intre  of  the  corpuscle  are  refracted  differently  from  those 

Ipaasiug  througii  eUewhero;  and    wlien  the  niicroscopo  ia 

fpctued  that  the  kltor  reach  the  eye,  the  former  do  liut^ 


THE  mryfAx  body. 


and  vice  versa  ;  thug  when  the  central  parU  look  bright, 
those  uround  them  lL>ok  ubsi'iiri',  and  tlic  i-outrury. 

There  is  no  salisfut'lory  evidence  thut  these  corpuscles 
have  any  enveloping  sue  or  cell-wall.  AH  the  metho<l6 
U8e<l  to  bring  one  into  view  under  tlic  mid'oscupe  are  such 
as  would  coagulate  the  outer  layers  of  the  substance  com- 
potfiug  the  corpuscle  and  so  make  an  artificial  envelope^ 
So  far  as  optical  analysis  goes,  then,  each  corpuscle  is  ho- 
mogeneous throughout.  By  other  means  we  can,  however, 
show  thut  at  lea^t  two  materiaU  enter  into  the  structure 
of  each  red  corpuscle.  If  the  blood  be  diluted  with  tieveral 
times  its  on-n  bulk  of  water  and  be  then  exumined  with  the 
microscope,  it  Avill  be  found  that  the  red  corpuscles  are  col- 
orless and  the  plasma  colored.  The  dilution  has  caused 
the  coloring  matter  to  pass  out  of  the  corpuscles  and  dis- 
solve in  the  liquid.  This  coloring  constituent  of  the  cor- 
puscle is  hwmoghbin,  and  the  colorless  residue  which  it 
loaves  behind  and  which  swells  up  into  a  sphere  in  the  di- 
luted plasma  is  the  »fromn.  In  the  living  corpuscle  the 
two  are  intimately  mingled  tiiroiighout  it,  and  so  long  as 
this  is  the  ca£c  the  blood  is  opivjuc;  but  when  the  coloring 
matter  dissolves  in  the  plasma,  then  the  blood  becomes 
transparent,  or,  as  it  ia  called.  lal\tf.  The  difference  may 
))G  very  well  seen  by  comparing  a  thin  layer  of  fresh  blood 
diluted  with  ten  times  ita  volume  of  ten-pcr-cent  salt  so- 
lution with  a  similar  layer  of  blood  diluted  with  ten  vol- 
umes of  water.  The  watery  mixture  is  a  dark  transparent 
red;  the  other,  in  which  the  coloring  matter  still  lies  in 
the  corpuscles,  is  a  brighter  opaipio  red. — Con»\ntenry, 
Each  red  corpuscle  is  a  soft  jelly-like  mass  which  can  be 
readily  crushed  out  of  shape.  Unless  tiie  pressure  be  such 
as  to  rupture  it,  the  corpuscle  immediately  rcassumcs  its 
proper  form  when  the  external  force  is  removed.  The  cor- 
puscles are.  then,  highly  elastic;  they  frequently  can  bo  seen 
tnnch  dragged  out  of  shape  inside  the  tosscIs  when  the 
circulation  of  the  bloo*i  is  watched  in  a  living  animal 
(Chap.  XV.),  but  immediately  springing  back  to  their  nor- 
mal frirm  when  tiicy  get  a  chunco. 

Blood-Crystals.    Hemoglobin  ia,  as  alx»ve  shown,  reatlily 
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soluble  in  wat^r.  In  this  it  soon  tlecnmposoR  if  kept  in  n 
warm  room,  broiiklng  up  into  a  protcid  substance  cjillcd 
globulin  and  a  red-colored  body,  hceiiuUin.  By  keeping 
the  ba?moglobin  solution  very  cold,  liowever,  this  decompo- 
fiitiou  can  be  greatly  retarded,  and  at  the  same  time  the 
solubility  of  the  lisemoglobiu  in  the  water  much  diminished. 
Jo  dilute  alcohol  biemoglobin  is  still  lestt  itoluble,  and  go  if 
iu  ice-cold  watery  solution  have  one  fourth  of  it*  volume 
of  cold  alcoliol  added  to  it  and  tlie  mixture  l>e  put  in  a  re- 
frigerator for  twenty-four  liours,  a  part  of  the  ha-moglobiu 
will  often  crystallize  out  and  sink  to  the  bottom  of  the 
vessel,  where  it  can  bo  collected  for  examination.  Tlic 
haemoglobin  of  the  rat  ia 
less  tM)1uble  than  that  of 
matt,  and  therefore  crys- 
tallizes out  especially 
easily;  but  these  lifemo- 
globin  crystals,  or,  as 
they  are  often  called, 
hlood-f'rt/stalSf  can  also 
l»e  obtained  from  human 
blood.  In  100  part^  of 
dry  human  red  blood-  cryKtaii 
corpuscles  there  are  90  of  Inenioglobin.  The  haemoglobin 
is  the  essentia!  constituent  of  the  red  blood  corpuscles, 
enabling  them  to  pick  up  large  quantities  of  oxygen  in 
the  lungs  and  carry  it  to  all  parts  of  the  Body.  (See  Res- 
piration.) 

Haemoglobin  contains  a  considerable  quantity  of  iron, 
much  more  than  any  other  proximate  constituent  of  tlio 
Bxly. 

The  ColorlosB  Blood  Corpuscles  (Fig.  10,  F,  IT,  G), 
The  roloHrMM,  pale,  or  irhile  corpuarhs  of  the  blood  are  far 
lc5*  nnmeroufl  than  the  red;  in  health  there  is  on  tlie  ave- 
rage about  one  white  to  three  hundred  red.  but  the  ])ro- 
portion  may  vary  considerably.  Each  is  finely  granular 
and  consists  of  a  soft  mass  of  ])rotoplasm  euvelo{>ed  in  no 
dcliuite  cell-wall,  but  containing  a  nucleus.  The  granules 
in  the  protoplasm  commonly  hide  tlie  nucleus  in  a  fresh 
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corpuscle,  but  dilut<>  iKVtic  acid  dissolves  most  of  thrnl 
mid  brings  tho  miclons  into  view.  These  pale  oorpusrlea 
belong  to  the  group  of  niidiffcrontiated  tissues  and  differ  in 
no  importjint  recogniziiblo  ehuracter  from  the  cells  which 
Timko  up  the  whcilo  very  young  Human  Kwly,  nor  indeed 
from  such  an  nnicellulur  animal  us  an  Aniu'ba.  Like  the 
latter,  they  have  the  power  of  slowly  changing  their  form 
sponianeously,  and  so  have  not  the  dctinllcness  of  outline 
"Which  belongs  to  the  rod  corpuscles.  At  one  moment 
(Fig.  12)  a  pale  coqjuscic  will  be  seen 
as  a  spheroidal  muss;  a  few  eeconda 
later  processes  will  bo  seen  rwiiatlng 
fiom  tlii^.  and  soon  after  these  pro- 

cesses  may  be  retractc*l   and   others 

^^^fk   ^A  Bnu  ^'^^^^^^  ^^^^'"t  ^^^  ^^  ^^^  corpuscle  goes 
^^mf  ^^r  ^^F»  on  changing  its  shape.     These  alow 
am(ff*oi<i   movnnenfs  are  greatly  pro- 
'^  ',^*"A  .^J**',*  J***^  moted   by  kcci>iuff   the   specimen   of 

OorpuKlf  Rkt?tcn**<l  at  urn--  ./  i       e  i 

ocMivr  iiitorviiiH  or  a  fow  blood  at  the  tcmperaturo  of  tho  Body 

aecoDOfl   lo    Illustrate    tho  *.         .  ti       * 

ohftiin*  of  furm  due  to  its  whilo  uudcr  cxaminution.  liy  thrust- 
ing  out  a  process  on  one  Hide,  then 
drawing  the  rest  of  its  body  up  to  it^  and  then  sending  out 
a  process  again  on  the  same  side,  the  corpuscle  am  slowly 
change  its  jilace  and  creep  across  tho  field  of  the  miei*©- 
sco])e.  Inside  the  blood-vessels  these  corpuscles  execute 
quite  simihir  movements;  and  they  sometimes  bore  right 
through  the  capillary  walls  and,  getting  out  into  the  hmph 
spaces,  creep  about  arat>ng  the  other  tissues.  This  etnigra' 
Hon  is  especially  fre<pient  in  inllamed  parts,  and  the/^«* 
or  *^malfer"  which  collects  in  abscesses  is  largely  made  up 
of  white  blood  corjmscles  wiiich  have  in  this  way  got  out  of 
the  blofMl-vessels.  The  size  of  the  white  corpuscles  is  not 
so  constant  as  that  of  the  re<l;  on  the  whole,  however,  they 
arc  larger,  their  average  diameter  being  about  0.0127  railli- 
meter  (yj^inr  iu^h).  The  general  properties  of  those  cor* 
pusclea  h:ivo  already  been  described  in  Chap.  IT. 

Blood  of  Other  AnimaU.  In  all  animals  with  )>lood  the 
pale  corpuscles  are  pretty  much  alike,  but  the  red  corpus- 
cles, which  with  rare  exceptions  are  found  only  in  Verte- 


< 


I 


^ 


L  Y.yfvn 


i^ 


brutes,  viirv  considctnbly.  In  nil  tho  class  of  the  mammaliii 
they  lire  circular  biroiiciivo  dUks  with  the  i-xccpliou  (»f  the 
camel  trihe,  in  wliich  (liey  arc  ovjti.  They  vary  in  dinni- 
et<*r  from  .00*2  luni.  (timakdi'iM)  to  .Oil  nnn.  (elephant).  In 
the  dog  they  iirc  ueurly  tlio  same  size  tts  those  of  man.  In 
no  manimuld  do  the  fully  deveIo|H?d  red  corpuscles  possess 
u  nucleus.  In  all  other  vertebrate  e1ai)8GH  the  red  corpus- 
rlea  possea?  arentral  nucleus,  and  aiv  oval  slightly  hiconvcx 
disks  except  iu  a  few  tishes  in  wliich  they  are  cireuhir. 
They  are  largest  of  all  in  the  amphibia.  Tliosu  of  the  frog 
are  0.02  mm.  (  ^^  inch  )  long  and  .007  mm.  broad. 

HiBtology  of  Lymph.  Purolynipli  is  a  cr»lor!css  watcry- 
liK)kmg  liipiid;  ex;uuined  with  a  microscope  it  is  seen  to 
contain  numerous  pale  corpuscles  exactly  like  thone  of  tho 
blmKl,  and  no  doubt  largely  consisting  of  pale  bloml  cor- 
puscles which  have  em  ignited.  It  contains  none  of  tho 
red  corpuscles.  The  lymph  flowing  from  the  intestines 
dunng  digestion  is,  as  already  mentioned,  not  colorless 
but  white  and  mdky.  It  is  known  as  chyle  and  will  be 
considered  with  the  jirocess  of  digestion.  Duritig  fasting 
tho  l^'mph  from  the  intestines  is  colorless  like  that  from 
other  piirtd  of  tho  Body. 


CHAPTER  V. 

THE  CLOTTING   OF   BLOOD. 


The  Coagulation  of  the  Blood.  When  ]>lood  is  first 
drawn  fnun  tlie  living  B(><lv  it  is  pcrfet-tly  li(|nid.  flowing 
in  any  direction  its  readily  as  water.  This  condition  is, 
however,  only  temporary  ;  in  a  few  minutes  the  blood  be- 
comes viscid  and  sticky,  and  the  viscidity  becomes  more 
and  more  marked  until,  after  the  Iap*:e  of  five  or  six  min- 
utes, the  whole  nuu^s  wtfi  into  a  jelly  which  adheres  to 
the  vessel  containing  it  so  that  this  may  bo  inverted  without 
any  hloo<l  whatever  being  p])illed.  This  ytage  is  known 
as  that  of  gelntinizathn  and  is  also  not  permanent.  In 
a  few  minutes  the  top  of  tlie  jolly-like  mns8  will  he  feen 
to  be  hollowed  or  **  cupped"  and  in  the  concavity  will  he 
seen  a  small  quantity  of  nearly  colorless  liquid,  the  blood 
serum.  The  jelly  next  shrinks  so  as  to  pnll  itself  Itjose 
from  the  sides  and  bottom  of  the  vessel  c<tntaining  it,  and 
as  it  shrinks  s<^ueezcs  out  more  and  more  serum.  Ulti- 
mately we  get  a  solid  cloi,  colored  red,  and  smaller  iu  size 
than  the  vessel  in  which  the  blood  coagiihited  but  retain- 
ing its  form,  floating  in  a  quantity  of  pale  yellow  serum. 
If,  however,  the  blood  be  not  allowed  to  coagulate  in  j*cr- 
fcct  restja  certain  number  of  red  corpuscles  will  l>e  rubbed 
out  of  the  clot  into  the  si»rum  and  the  latter  will  be  more 
or  less  reddish.  The  longer  the  clot  is  kept  the  more  serum 
will  be  obtained:  if  the  first  quantity  exnded  be  decanted 
off  and  the  cUa  put  aside  and  protected  from  evaporation, 
itwill  in  a  short  time  be  found  to  have  shrunk  to  a  smaller 
size  and  to  have  pressed  out  more  serum;  and  this  goes  on 
OS  long  as  it  is  keptj  uulii  putrefiictive  changes  commence. 
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Caus3  of  OJigulation.  If  ft  drop  of  frcsli-dnvwii  bloud 
be  spread  out  uiid  HJitrlie<l  with  a  micro8eoi»o  magnifying 
COO  <»r  700  diiimrters.  it  will  K'  si-cn  tliat  the  foagulutiuu  is 
due  to  the  geparntion  of  very  tine  solid  threads  which  run 
iu  every  diroction  through  the  plasma  and  form  a  clotiu 
network  entangling  all  the  corpuscles.  ThcK*  threads  art- 
comptiBed  of  a  proteid  subst^inco  known  aa  Jibtin.  When 
they  first  form,  the  whole  drop  is  much  like  a  sponge  Hoaked 
fall  of  «)itcr  (rupreseuted  by  the  serum)  and  having  £U>lid 
bodioa  (the  corpuscles)  in  its  cavities.  After  the  librin 
ihi*eadg  have  bc«n  formo<l  they  tend  to  Mhorten  ;  Ijcnce 
whori  blood  clots  in  ma^^  in  a  vcstwel,  the  fibrinous  network 
tends  to  shrink  in  every  direction  just  as  a  network 
formed  of  stretched  india-rubber  bands  would,  and  this 
shrinkage  is  greater  the  longer  the  clotted  bUnxl  is  kej)!. 
At  tii'stthe  threads  stick  too  firmly  to  the  bott<im  and  sides 
of  the  vessel  to  be  pulled  away,  and  thus  the  first  sign  of 
the  contraction  of  the  fibrin  is  Been  in  the  cupping  of  the 
surfiu^e  of  the  gelatinized  blood  where  the  tliread^  have  no 
solid  attachment,  and  there  t lie  contracting  niiws  presses 
out  from  its  meshes  the  first  drops  of  ^ernni.  Finally  the 
contraction  of  the  fibrin  overcomes  its  adhesion  to  the  vessel 
and  the  clot  pulls  itself  lo«me  on  all  sides,  pressing  out 
more  and  more  senim,  in  which  it  ultlmjitely  lloats.  The 
great  majority  t)f  the  red  corpuscles  are  held  btick  in  the 
meshes  of  the  fibrin,  but  a  good  many  pale  corpuscles,  by 
their  amoeboid  movements,  work  their  way  out  and  get 
into  the  serum. 

Whipped  Blood.  The  essential  point  in  coagulation 
being  the  ft»rmationof  fibrin  in  the  plasma,  and  blood  only 
forming  a  cerUiin  amount  of  fibrin,  if  this  be  remove<l  as  fast 
'as  it  forms  the  remaining  blood  will  not  clot.  The  fibrin 
may  be  separated  by  what  is  known  as  "  whipping''  the 
blood.  For  this  purpose  fresli-drawn  blo«xl  is  stirred  up  vig- 
orougly  with  a  bunch  of  twigs,  and  the  sticky  fibrin  threads 
as  they  form  adhere  to  these,  Jf  the  twigs  be  withdrawn 
after  a  few  minutes  a  <]uantity  of  stringy  material  will  be 
fimnd  Httacheti  to  them.  This  is  at  first  colored  retl  by 
adhering  blood  corpuscles:  but  by  washing  in  water  these 
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may  bo  removed,  jind  Iho  luiii*  llhrin  thus  olitained  is  per- 
fectly whilo  uiul  in  tUo  form  of  lii;;]ilv  cliistir  tliroads.     Ifij 
is  insoluble  in  water  utuI  in  tlilnto  acid^,  l)ut  swells  up  to 
tnmspiirf'nt  ji'lly  in  the  hiltcr.     The  **  wliijipe*!"  or  ''deti' 
liriuated  lilood"  fnini  w]ii<!h  the  fihriu  h;w  heeii  in  this  wai 
removed,  looks  just  like  ordinary  blood,  but  has  lost  il 
jmjwct  of  coagulating  s|KiutaTieoU(»ly. 

The  Bufly  Coat.  'I'liat  tlie  red  corpuscles  ai-e  not  ai 
essential  part  of  the  clot,  but  are  merely  niechauioair 
caught  up  in  it,  seems  clear  from  the  inirro?eoiiic  ol 
servation  of  the  process  of  coagulation;  and  f nun  1  he  fa( 
that  ]»erfectly  formed  fibrin  can  be  obtained  free  from  cor- 
puscles by  whi]»piug  the  blood  and  washing  the  Ihrcjidi 
which  adhere  to  the  twiga.  Under  certain  conditiong,] 
moreover,  one  gettt  a  nutundly  formed  clot  cimfaining  no 
rod  corpuscles  in  one  part  of  it.  The  corpiipcles  uf  human 
blood  are  a  little  heavier,  btjlk  for  bulk,  than  the  ])lusmi 
in  which  thoy  float;  hence,  when  the  blood  is  drawn  am 
left  at  rest  they  sink  slowly  in  it;  and  if  for  any  reason  tht 
clotting  takes  ])lace  more  slowly  or  the  corpuscles  sin! 
more  rapidly  than  usual,  a  colorless  top  stratum  of  plasmj 
with  no  red  corpuBclea  iu  it,  will  bo  left  before  gelatinizj 
tion  occurs  and  ptops  the  further  sinking  of  tlie  corpuseh 
The  uppermost  jiart  of  the  dot  formed  under  these  cii 
cumstancos  is  colorless  or  pole  yellow,  and  is  known  ii»  thi 
huff}j  t'Ofti;  it  is  es]>ecially  apt  to  be  foruuKi  in  the  bloo< 
drawn  from  febrile  patients,  and  was  therefore  a  point  it 
wiiioh  physicians  paid  much  attention  in  the  olden  times' 
when  bloodletting  was  thought  a  panacea  for  all  ills.  In 
horso's  blood  the  differenco  between  the  specific  grarity  of 
the  corpuscles  and  that  of  the  plasma  is  greater  than  in  hu- 
man blood,  and  horse's  blood  also  coaguhites  more  slowly, 
60  that  its  clot  has  nearly  always  a  bulTy  coat.  The  colorjfl 
less  bnffv  coat  seen  sometimes  on  the  top  of  the  clot  must,^^ 
liowcTcr,  not  be  confounded  with  another  phenomenon. 
When  a  blood-dot  is  left  floating  exposed  to  tlie  air  its 
top  becomes  bright  scarlet,  while  the  part  immersed  in  the 
serum  assnmes  a  dark  pnrple-rcd  color.  The  brightness 
the  top  layer  is  due  to  the  action  of  the  oxygen  of  the  hit} 
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which  forms  Ji  bright  red  coiiiiMiund  with  the  roloriiifj  rrnit- 
tor  of  the  vvd  corpusrlcj*.  If  the  dut  be  turned  upside  down 
and  left  for  a  shart  time,  the  j>revion»l)'  djirk  botttmi  layer, 
now  expo.Kinl  to  (he  iiir,  will  beconje  bright;  and  the  previ- 
ously bright  tup  liiyer,  ntiw  immersed  in  the  serum,  will 
becnrac  durk. 

XJaea  of  CoHgulation,  The  elotting  of  the  blmKl  is  so 
importjint  a  jirocess  tlmt  its  eiiui^c  hut^  been  frequently  in- 
vest i<::i  fed;  hut  iks  yet  it  is  not  perfectly  understood.  The 
living  cin-ulating  blood  in  ihe  healthy  blood-vesifoU  doen 
not  clot;  it  contains  no  solid  tibrin,  but  this  forms  in  it, 
sooner  or  later,  when  the  blood  gets  by  any  means  out  of  the 
vessels  or  if  the  lininj;  of  these  is  injured.  In  thin  way  the 
mouths  of  tho  small  vessels  op<fned  in  a  cut  are  clogged  up, 
and  the  bleeding,  which  would  otlierwifecgo  on  indetlnilely, 
is  stopjied.  So,  loo.  when  a  surgeon  ties  u|i  an  artery  be- 
fore dividing  it,  and  the  tight  ligature  crushes  or  tears  its 
delicate  inner  surface,  the  blood  clots  wjiere  this  is  injured, 
and  from  there  a.  eoagulum  is  formed  reaching  up  to  the 
next  highest  branch  of  tho  vessel.  This  becomes  more  and 
more  solid,  and  by  the  lime  the  ligature  is  removed  has 
formed  u  firm  plug  in  the  cut  end  of  tho  artery,  which 
greatly  <iiniinishes  tho  risk  of  bleeding. 

The  Fibrin  Factors.  A:?  regards  tho  formation  of 
tibrin  the  following  points  ^^eoin  to  ]»e  made  out  with  toler- 
able certainty.  Fresh-tlrawu  blood  etmtuins  or  develops 
two  Bubstunces,  fihriiitiplai<0'7i  and  fibrinogen^  which  by 
their  interaction  form  fibrin,  under  tlic  infiuenceof  a  third 
body  called  the  fibrin  frrmenf:  nioietncr,  fibrin  is  only 
formed  if  a  certain  proportion  of  noutrul  mineral  salts, 
i^nch  as  arc  found  dissolved  in  (he  blood  plasma,  is  pn^cnl. 

nio<»d  serum  docs  not  clot  of  itself  at  ordinary  ten»j>or!i- 
turcs:  it  contains  fibriuophistiu  and  fibrin  ferment  and 
(he  requisite  quant iiy  of  wdls,  but  not  the  Hbrinogi-h;  that 
which  originally  e:tistcd  in  the  plasma  having  apparently 
been  used  it[t  with  the  jjroper  j»roporti<iii  of  fibrinojilustin 
to  form  fibrin,  leaving  over  an  excess  of  fibriuo]ilji^tin  in 
solution  in  the  serum. 

*)n  the  other  hand,  tlie  li([uids  found  in  tlie  cavities  of 
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the  Body  which  arc  lined  by  serous  membranes,  commonly 
contuin  fihrinogon  and  the  buUs  but  no  tibrinoplajiitin,  and 
therefore  they  do  not  coagulate  spontune»^uiily.  But  if  a 
littlf  blood  serum  bemlded  to  one  of  these  litjuids,  eougula- 
tioii  take>  place. 

Artiflcial  Clot.  If  tieruui  be  slightly  dihiied  with  water 
and  kept  ice-cold  while  a  stream  of  carbon  dioxide  gas  in 
piissed  ilirough  it  for  Htnie  hours,  a  white  precipitate  is 
throuii  down  which  contains  libririoplustin  and  the  fibrin 
ferment.  This  precipitate  after  washing  may  be  dissolved 
in  cx*ld  water  cimtaining  the  merest  trace  of  caustic  potasli. 
If  the  liquid  moistening  a  serous  cavity  be  treated  in  a 
similar  way  a  precipitate  in  formed,  containing  fibrinogen 
instead  of  the  fibrinopliistin,  and  but  little  of  the  ferment. 
If  this  precipitate  be  washed  and  dissolved  and  the  solution 
be  added  to  the  solution  of  the  blood-serum  precipitate, 
no  clot  is  formed;  but  if  about  one  jut  cent  of  nodic  car- 
bonate or  other  neutral  salt  l>e  added  to  the  mixture,  then 
it  clotg.  This  shows  the  necessity  of  the  salt^,  which  is 
perhaps  l>ctter  proved  in  another  way.  If  Perum  be  put  in 
a  dialyzer  (see  Plivnics)  with  disiilled  water  on  the  other 
side  of  the  membrane,  all  tlie  salts  will  gnuliially  pass  onl 
from  the  i^erum  into  the  water:  as  the  last  portions  of 
them  pass  out.  the  fibrinoplastin  and  ferment,  which  are 
**  colloids'*  (that  is.  bodies  which  will  not  dialy7A>),  are  pre- 
cipitated; ihey  may  be  rcdisnolved  by  the  addition  of  a 
trace  of  caustic  pota.^h.  Similarly  the  sidt*  may  be  re- 
moved from  the  liquid  obtained  from  a  serous  canity,  and 
the  precipitated  fibrinogen  rcdissolve<l.  If  these  solutions 
be  now  mixed  no  clot  is  formed;  but  if  the  salts  which  have 
been  dialyzed  out,  or  an  c<juivalent  portion  of  other  neu- 
tral salts,  be  added  to  the  mixture,  it  will  clot. 

The  Fibrin  Permont.  The  activity  of  the  ferment  is 
jtrovcd  m  follows:  If  serum  be  diluted  with  a  large  bulk  of 
water  and  then  carlton  dioxide  gas  be  passed  through  it, 
fibrinoplastin  will  be  preciiuUited,  with  little  or  none  of 
the  ferment.  If  this  fibrinoplastin  Ik?  dis.Holved  and  added 
to  the  liquid  from  a  serous  cavity  it  will  not  cause  it  to 
clot,  or  only  very  slowly,  according  as  no  fibrin  ferment  or 
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but  A  little  ifl  present.  But  if  some  of  the  ferment  bo 
jiddiHl,  then  the  mixture  CM^uguhites  nijt'tillv.  The  ferment 
nmj  be  obtained  l>v  adding  u  largo  quantity  of  strong  iil- 
coliol  to  some  frc^h  blood  eeruni.  The  ulcohul  precipi- 
tates albiimcur  Obrinophistin,  and  the  ferment.  The  pro- 
cipitute  is  let  8tu}'  under  ulcoliul  fur  Konie  months,  during 
which  time  the  albumen  and  flbrinopla>«tin  aro  altered  so 
OS  to  become  insoluble  in  water.  The  alcohol  is  tlien  de- 
canted off  and  the  residue  treated  with  water  which  dis- 
Rolves  the  ferment.  This  sohition  added  to  the  above 
mixtnre  containing  fibrinophistin,  fibrinogou,  and  salts, 
will  make  it  clot. 

Of  these  four  bodies  which  play  a  part  in  the  coagula- 
tion of  the  blood,  the  tibrinoplastin  and  fibrinogen  }iri- 
marily  determine  the  (juantity  of  fibrin  formed.  Tlie  fer- 
ment Bcems  to  influence  them  in  some  way  so  us  to  make  them 
interact,  bat  it  docs  not  enter  into  the  tlbrin;  it  is  not  used 
np  in  the  process,  and  the  quantity  of  fibrin  formed  is  thus 
independent  of  the  quantity  of  tlic  fi-rnient  j)rescnt;  but 
tbe  more  of  it  there  is,  the  more  quickly  does  the  coagula- 
tion occur.  The  part  the  salts  play  is  obscure;  probably 
part  of  them  are  necessary  constituents  of  the  fibrin^  since 
it  leaves  a  large  profjortion  of  i\A\  when  burnt.  Hut  they 
seem  to  act  in  some  other  way  when  present  in  certain 
proportions,  since  too  large  d  percentage  of  them  stops 
coagulation  as  c<impletely  as  their  total  absence.  If  fresh 
blood  be  mixed  with  an  equal  bulk  of  a  saturated  solution 
of  magnesium  sniphate  (Epsom  salts)  or  of  common  salt, 
it  will  not  clot;  but  if  this  mixture  be  largely  diluted  with 
water,  then  clotting  will  take  place. 

Exciting  Causes  of  Coagulation.  The  above  fjicts  show 
clearly  enough  that  the  coagulation  of  the  blood  is  a 
physico-chemical  process,  but  still  leave  unexplained  why 
it  does  not  occur  in  circulating  blood  inside  heiUthy  blood- 
vessels. It  is,  in  fact,  much  easier  to  point  out  what  are 
not  the  proximate  reasons  of  the  coagulation  of  drawn 
blood  than  what  are. 

Blood  when  removed  from  the  Body  and  received  in  a 
vessel  comes  to  rest,  cools,  and  is  ex|>oscd  to  the  air,  from 
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■which  it  may  receive  or  to  which  it  may  give  off  gueeouB 
bodice.  But  it  is  easy  to  prove  tliat  none  of  those  three 
things  is  the  cause  of  coagnlution.  Stirring  t!ie  dniwn 
blood  and  so  keeping  it  in  movement  does  not  prevent  but 
hastens  its  coagulation;  and  blood  carefnlJy  imiirit^oued  in 
a  living  blood-vessel,  and  so  kept  at  rest,  will  not  clot  for  li 
long  time:  not  until  the  inner  coat  of  tlin  vessel  begins  to 
change  from  the  want  of  fresh  blood.  Secondly,  keeping  the 
blood  at  the  temperature  of  tJie  Hody  haiitens  cougnlation. 
and  cooling  retards  it;  blood  received  into  an  ice-cold  vessel 
and  kept  surrounded  with  ice  will  clot  more  slowly  than 
blood  drawn  and  left  exj»:ised  to  onlitiary  temperatures. 
Finally,  if  the  blood  be  collected  over  meruury  from  n 
blood-vcsseb  •without  having  been  exposed  to  the  air  ovon 
for  an  instant,  it  will  8till  clot  pei-feetly  well. 

The  forinuti^m  of  tibrin  is  then  due  to  changes  taking 
])lace  in  the  blood  iti^elf  when  it  is  removed  from  the 
blood-vessels;  clotting  depends  upon  some  rearrangement 
of  tlio  blood  constituents.  There  is  a  good  deal  of  reason 
to  believe  that  what  occurs  is  n  breaking  nj)  of  u  number 
of  the  colorless  corpuscles;  that  Ibese  then  fonn  tifirino- 
plastin  and  fibrin  ferment,  and,  the  fibrinogen  and  salts 
already  existing  in  solution  in  the  blood  plasma,  fibrin  is 
formed.  When  fluids  which  contain  no  red  curpnscles 
clot,  as  for  instance  vaccine  lymjdi,  the  first  threads  of 
fibrin  develoj)ed  can  be  seen  under  the  microscope  to 
rndinto  from  the  pale  corpuscles  present. 

Belation  of  the  Blood-VesselB  to  Coagulation.  Ah  to  the 
rAle  of  the  vessels  with  respect  to  coagulation  when  the 
blood  is  flowing  in  tiiem  two  views  are  held,  between  winch 
the  facta  at  present  known  do  not  jwrniit  a  decisive  judg- 
ment to  be  made.  One  theory  is  that  the  vessels  activelv 
prevent  coagulation  by  constantly  absorbing  from  the  blood 
some  substance,  as  for  example  the  fibrin  ferment,  which 
may  be  supposed  constantly  to  develop,  and  the  presence 
of  wliich  is  a  necessary  condition  for  the  formation  of 
fibrin.  The  other  view  is  that  the  blood-vessels  are  passive 
and  completely  neutral.  They  simply  do  not  excite  those 
clmnges  in  the  blood  constituents  which  give  rise  to  the 
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^roSlion  of  fibrimii>hi8tin  or  the  ferment,  while  foreign 
Ivxliea  iu  cotUat-t  with  the  hlood  do  excite  these  changes 
nrid  60  cause  cougnlalion. 

Whatever  the  part  which  the  blood-vessels  play,  it  is  only 
exhibited  wlioii  their  inner  surfaces  are  healthy  and  unin- 
jured. If  this  lining  be  ruptured  or  diseased  the  blood 
clot!?.  Accordingly,  after  death,  when  post-mortem  changeB 
have  affected  the  blood-vessels,  the  blood  clots  in  them; 
but  often  very  slowly,  since  the  vessels  only  gradnuUy  alter. 
If  the  Body  lie  left  in  one  position  after  death,  the  clots 
(ormedinthe  heart  have  often  a  marked  buffy  coat,  Ix^canse 
the  corpuscles  have  ha<l  a  long  time  to  sink  in  the  plasma 
before  coagulation  occurred.  In  medico-legid  cases  it  \& 
thus  sometimes  possible  to  say  what  was  the  position  of  a 
corpse  for  some  hours  aft^r  death,  although  it  has  been 
8ubse<jnently  moved. 

Lymph  clot^  like  the  blood,  but  not  so  firmly:  sitice  it 
contains  no  red  corpiiBcles,  the  clot  foimed  is  of  course 
colorless. 

Composition  of  the  Blood.  Tlie  average  specific  gravity 
of  human  blood  is  1055.  It  haA  an  alkaline  rouction, 
which  becomes  less  marked  a.s  coagulation  oc*rur?.  About 
one  half  of  its  ma.ss  consists  of  moist  corpuscles  and  the 
remainder  of  plasma.  Ex|>08ed  in  a  vacnum,  100  volumes 
of  blood  yield  about  fiO  of  g/w  consisting  of  a  mixture  of 
oxygen,  cnrbon  dioxide,  and  nitrogen. 

Chem.iBtry  of  the  Serum.  The  blood  plasma  cannot  well 
be  examined  us  to  its  chemical  conistituents,  since  it  clots 
under  manipulation.  The  serum  is,  however,  essentially 
blood  plasma  minus  fibrin,  and  from  an  analysis  of  it  wo 
can  draw  conclusions  as  to  the  plasma.  In  100  parts  of 
scrum  there  are  about  90  jtarts  of  water,  8.5  of  proteids,  and 
1.5  of  fats,  salts,  and  other  lc8s-known  solid  bodies.  Of 
the  protcids  present  the  most  abundant  is  serum  albumin, 
which  agrees  with  egg  albumin  in  coagidating  when  heated: 
so  that  serum  when  Iwilcd  sets  into  an  opaque  white  mass, 
just  as  the  white  of  an  egg  does.     Chemically,  serum  albn- 

in  differs  from  egg  albumin  in  being  coagulated  by  ether; 

id  physiologically,  in  the  fact  that  although  present  in 
such  large  quantities  in  the  blood,  it  is  not  excreted  by 
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the  kidncvs,  Avhpreus  ogg  albumin  when  injected  into  the 
blond-vossels  of  an  iminuil  is  rapidly  passed  out  by  those 
organs.  In  health  tlio  futn  arc  only  present  in  the  scnim 
in  small  <|uantity  except  after  a  meal  at  which  fatty  sulv 
stances  have  been  eaten;  scrnni  nblaineil  fntm  the  blood  of 
an  animal  soun  after  ^ucli  a  meal  is  often  milky  in  apj>oar- 
ancc  from  the  fats  pivsont,  instead  of  being  i>crfectly  color- 
less or  pule  yellow,  and  transparent  ns  it  is  after  fasting. 
The  ftalts  dissolved  in  the  M-nini  are  mainlyH»dinm  chU.ride 
and  earbunitte;  but  small  (juaiititieK  of  sodium,  calcium, 
and  ma^nenium  phosphates  are  also  present. 

Chemistry  of  the  Red  Corpuscles.  In  these  in  the  fresh 
inoifil  ytuti'  iheri'  air  in  loO  parts.  5(1  of  water  and  44  of 
solids.  Of  the  ?:oliils  nUoul  une  per  cent  is  salts,  chietly 
potassium  phosphate  and  chloride.  The  remaining  organic 
solids  contain,  iu  100  parts,  90  of  haemoglobin  and  about  8 
of  other  protcids;  the  residue  consists  of  less  well-known 
bodies. 

Chemistry  of  the  White  Corpuscles.  Tiiese  yield  be- 
sides much  water,  several  jiroteids,  some  fats,  glycogen 
(see  Chap.  XXVIII.),  and  salts;  and  smaller  quantities  of 
other  bodies.  The  predominant  gaits,  like  those  of  the  red 
corpujicles,  arc  potassium  phoHphates. 

Variations  in  the  Composition  of  the  Blood.  Htfgiem'c 
Rfmnrkn.  TUc  above  »*tatementti  refer  only  to  the  average 
composition  of  the  healthy  blood,  and  to  its  l>etter  known 
constituents.  From  what  was  Haid  iu  the  hif^t  chapter  it  is 
cleoir  that  the  blotKi  flowing  from  any  organ  will  have  lost 
or  guincdf  or  gained  some  things  and  lo8t  others,  when 
eomparod  with  the  blood  which  entered  it.  Htit  the  loste* 
and  gains  in  particular  parts  of  the  Body  are  m  such  small 
amount  as,  with  the  exception  of  the  blood  ga^s,  to  elude 
analysis  for  the  most  part:  and  the  blof»d  from  all  part* 
being  mixed  in  the  heart,  they  balance  one  another  and 
produce  a  tolernhly  constant  average.  In  health,  however, 
the  siH'ciflc  gravity  of  the  blooil  may  vary  from  \(\Ah  to 
1075;  the  red  coq)uscles  also  arc  pro>cnt  in  greater  propor- 
tion tf>  the  plasma  after  a  meal  than  before  it.  Hoalthv 
sleep  in  pro}>er  amount  also  incrcasj  i  the  proportion  of  rtvi 
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oorpufclefl.  and  want  of  it  diminishes  their  ntimbor  as  may 
be  recognized  in  the  pallid  a8|>ect  of  a  person  who  ha«  lost 
sereral  nights'  rest.  Fresh  air  and  plenty  of  it  has  the 
same  effect. 

The  proportion  of  these  corpuscles  has  a  great  import- 
ance 5ince.  as  we  shall  Kub«e4|ucntly  ppc,  they  serve  to  carry 
oxygen,  which  is  necessary  for  the  performance  of  its  func- 
tions, all  over  the  Body.  Anannia  is  a  diseased  condition 
characterized  hy  pallor  due  to  deficiency  of  red  blood  cor- 
puscles, and  accrimpaniefl  hy  languor  and  liatles^ness.  It  is 
not  unfret[uent  in  yonng  girls  on  (he  verge  of  womanhood, 
and  in  persons  overworked  and  confined  within  doors.  In 
such  cases  the  best  remodiea  are  open-air  exercise  and  good 

foOfl. 

Summary.  Practically  the  composition  of  the  blood 
may  bo  thus  stated:  It  consists  of  (1)  plasnui^  consisting 
mainly  of  water  containing  in  solution  serum  albumin, 
»odinm  salts,  smaller  amounts  of  those  of  other  motala,  and 
extractives  of  which  the  most  constant  are  vreoy  kreatin^ 
and  grape  sugar;  (2)  red  corpuscles,  containing  rather  more 
than  half  their  weight  of  water,  the  remainder  being  main- 
ly liipmoglobin,  other  protcids,  and  potash  salts;  (3)  white 
corpuscles,  consisting  of  water,  various  protcids,  glycogen, 
and  potash  salts;  (4)  gases,  partly  dissolved  in  the  plasma 
or  combined  with  its  sodium  salts,  and  (oxygen)  partly 
combined  with  the  haemoglobin  of  the  red  corpuscles. 

Quantity  of  Blood.  The  total  amount  of  blood  in  the 
Body  is  difficult  of  accurate  determination.  It  is,  how- 
ever, about  ^  of  the  whole  weight  of  the  Body,  so  the 
quantity  in  a  man  weighing  IT^  kilos  (lfi5  lbs.)  is  about  5.8 
kilos  (12.7  lb?.).  Of  ihiB  at  any  given  moment  about  one 
fourth  would  he  found  in  the  heart  and  big  blood-vessels; 
and  equal  quantities  in  the  capillaries  of  the  liver,  and  in 
those  of  the  muscles  which  move  the  skeleton;  while  the 
remaming  fourth  is  distributed  among  the  remaining  parts 
of  the  Body. 

The  Origin  and  Fate  of  the  Blood  Corpusolea.  The 
white  blood  corpuscles  vary  so  rapidly  and  frequently  in 
number  in  the  blood  that  they  must  be  constantly  in  pro- 
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of  alteration  or  reinov:i1,  and  formation;  their  niim1>cr 
is  largely  increased  l:»y  tiiking  foo<l.  even  more  than  that  of 
the  red,  so  that  their  prn])ortiou  to  the  red  rises,  from  1 
to  1000  duriug  fasting,  to  1  to  250  or  3(J0  after  a  mcul. 
They  no  doubt  multiply  to  a  certain  extent  by  division 
wiiile  circulating  in  the  blood,  but  the  majurity  como  from 
the  lymphatic  glands  and  similar  sLruetnros  (see  Chap. 
XXII.)  found  in  many  jiurts  uf  I  he  Body,  which  con- 
tain many  cells  like  pale  blood  eitqniwles,  and  often  in 
process  uf  division.  From  these  organs  the  corpuscles  en- 
ter tlie  lymph-vesselH  and  are  carriwi  on  int^i  the  blood. 
From  the  capillary  blood-vcRsela  many  Jtgain  migrate,  and 
it  is  probable  that  these  emigrants  take  purl  frccpicntly  in 
the  repair  or  regeneration  of  injured  tissues.  Being  nn- 
differentiated  and  specialized  to  no  line  of  work  they  are 
ready  to  take  up  any  that  comes  to  hand,  and  may  Iw  com- 
pared to  the  young  men  in  a  community  who  have  not  yet 
selected  an  occupation  and  are  on  the  lookout  for  an  open- 
ing. On  the  other  hand  tltcrc  seems  little  doubt  that  u 
great  many  while  cori>uscles  give  rise  to  red  ones,  and  this 
is  jwrhaps  to  bo  regarded  as  their  special  function.  The 
corpuscles  of  nearly  all  invertebrate  animals  are  colorless 
only^  although  the  blood  plasma  of  some  contains  hiemo- 
globin  in-  solution.  Amphioxus.  the  lowest  undoubted 
vertebrate  animal  (see  Zoology),  also  possesses  only  colorleus 
corpuscles  in  its  blood.  But  higher  and  more  complex  ani- 
mals need  more  oxygen,  and  as  blood  plasma  dissolves 
very  little  of  that  gas,  they  develop  in  addition  the  hiemo- 
globin-containing  corpuscles  which  pick  it  up  in  the  gill? 
or  lungs  and  carry  it  to  all  parts  of  the  Body,  leaving  it 
■where  wanted  (see  Chap.  XXV. ).  In  cold-bloo^led  vertebrates 
the  red  corpuscles  are  not  nearly  so  many  in  proportion  as 
in  the  warm-blooded,  which  use  far  mitre  oxygen.  The 
older  view  was  that  the  mammalian  red  corpuscle  repre- 
sented the  nnclcus  of  one  of  the  white,  in  which  ha?moglo- 
hin  had  been  formed  and  from  about  which  the  rest  of  the 
corpuscle  had  disappeared.  This,  however,  does  not  seem 
to  be  the  caee;  but  the  pale  corpuscle  develops  or  forms 
L^moglobia  in  it*  cell  protoplasm,  and   flattens  and  aa- 
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suma?  tho  fnrm  nf  u  nn]  f'nrj)imcIe,whilo  it^s  nucleus  disap- 
]»t'urd.  Oecasional  transitional  forms  between  the  {wilo  and 
the  red  corpuscle  are  seen  in  blcod  when  examined  with 
the  micro»coi>e;  and  if  blocjd  bo  put  fresh  on  a  cold  slide 
and  examined  in  a  cold  room  these  transitional  forma  are 
more  numerous,  since  at  ordinary  tenipcrutures  they  very 
rapidly  break  down  and  fall  to  piece?!  when  blood  is  drawn. 

How  long  an  individnal  red  corpnecle  la-sts  is  not  known, 
nor  with  certainty  how  or  wlicn  it  di^ip)>ears.  There  is, 
however,  «ome  reason  to  believe  that  a  great  many  are  de- 
stroyed in  the  spleen  («ee  Chap,   XXIL). 

Chemistry  of  Lymph.  Lymph  is  a  colorless  fluid  when 
pure,  feebly  ulkaline.  and  with  u  specific  gravity  of  about 
1045.  It  may  be  described  asblrtod  minua  its  red  corpuscles 
and  considerably  diluted,  but  of  course  in  various  part-s  of 
the  Body  it  will  contain  minute  quantities  of  substances 
derived  from  neighboring  tissues.  It  contains  a  considera- 
ble Tjuantity  of  carbon  dioxide  gas  which  it  gives  up  iu  a 
Tttcnum,  but  no  oxygen,  since  any  of  that  ga«  which  passej^ 
into  it  by  diffusion  from  Nip  bliM»d  is  immedialiily  picked 
up  by  the  living  tissues  among  which  the  lymph  flows. 


CHAPTER  VI. 
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Sxoekeleton  and  Endoekeleton.  The  skeleton  of  an 
animal  includes  all  it;^  hard  protecting  or  csupporting  parts, 
and  is  met  with  in  two  main  forms  in  llu'Huimal  kingdom. 
First  us  un  ejro^kehlon  developed  in  connection  with  either 
the  superficial  or  deeper  layer  of  the  skin,  and  represented 
by  the  shell  of  a  clam,  the  scales  of  fishes,  the  horny  plates 
of  a  turtle,  the  bony  plates  of  an  armadillo^  and  the  feathers 
of  birds.  In  man  the  exoskeleton  is  but  8lighll>  developed, 
but  it  18  reprc^uled  by  the  hairs,  uaile»,  and  teeth;  for  al- 
though the  latter  lie  within  the  mouth,  the  study  of  derel- 
opment  shows  that  they  are  developetl  from  an  offshoot  of 
the  skin  which  grows  in  and  lines  the  mouth  long  before 
birth.  Hard  jMirts  formwl  from  structures  deeper  than 
the  skin  constitute  the  endoskehtnn,  which  in  man  is  highly 
developed  and  consists  of  a  great  many  hontj^  and  cartilagea 
or  gristles,  the  bones  forming  the  m»iss  of  the  hard  frame- 
work of  the  Body,  while  the  cartilages  finish  it  off  at  vari- 
ous parts.  This  framework  is  what  is  commonly  meant  by 
the  skeleton,  and  it  primarily  supports  the  softer  parts  and 
is  also  arranged  so  as  to  surround  cavities  in  which  delicate 
organs^  as  the  brain,  heart,  or  spinal  cord,  may  lie  with 
fiafetj.  The  skeleton  thus  formed,  however,  is  completH 
and  supplemented  by  another  made  of  the  connective  tissue, 
which  not  only,  in  the  shape  of  lough  bands  or  UfjatnenU, 
tics  the  bones  nnd  cartilage?  together,  but  also  in  variouf 
forms  pervades  the  whole  Body  aa  a  sort  of  subsidiary 
skeleton  running  through  all  the  soft  organs,  forming  net- 
work .<  of  fibres:  around  their  other  constituents;  so  that  it 
makes,  as  it  were,  a  microscopic  skeleton  for  the  individual 
modified  cells  of  which  the  Body  is  so  largely  composed. 
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and  also  forms  partitions  between  tho  mnsdes,  cases  for 
S'lcli  organs  oa  llio.  livrrniul  kiflnpys.  and  sJioath.^  nroiind 
the  blood-vessels.  The  bony  and  c:irtilitginou3  framework 
with  its  ligaments  miglit  bo  culled  tho  skeleton  of  tho 
orgiins  of  the  Body,  and  this  finer  supporting  mcshwork  the 
skeleton  of  the  tissue!?.  Be*i(les  forming  a  .support  in  ibc 
substance  of  various  organs,  the  connective  tissue  is  also 
often  laid  down  o^  a  sort  of  pocking  material  in  the  crevices 
between  them;  and  so  widely  is  it  distributed  everywlicre 
from  tho  skin  outside  to  the  lining  of  the  alimentary  canal 
inside,  that  if  some  solvent  could  bo  employed  which  would 
corrode  away  all  tlic  rest  and  leave  only  this  tissue,  a  very 
perfect  model  of  the  whole  Body  would  be  left;  something 
like  a  **  skeleton  leaf,"  but  far  more  minute  in  its  tracery. 
The  Bony  Skeleton  (Fig.  13).  If  the  hard  framework 
of  the  Body  were  joine<I  togetlier  like  the  joists  and  beams  of 
a  house,  the  whole  mas^  would  bo  rigid;  its  parts  could  not 
move  with  relation  to  one  another,  and  we  would  be  un- 
able to  raise  a  hand  to  the  mouth  or  put  one  foot  before 
another.  To  allow  of  mobility  the  bony  skeleton  is  mode 
of  many  soparuto  pieces  which  are  joined  together*  the 
point.4  of  union  being  called  nrfifuh/ioiis,  and  at  many 
places  the  >>ones  entering  into  an  articulation  arc  movably 
hinged  together,  forming  what  are  known  asjoititi<.  Tho 
total  number  of  bones  in  the  Body  is  more  than  two 
hundred  in  the  adult;  and  the  number  in  children  is  still 
greater,  for  various  l>ones  which  arc  distinct  in  the  child 
(and  remain  distinct  throughout  life  in  many  lower  animals) 
grow  together  so  as  to  form  ono  bone  in  the  full-grown 
man.  Tho  adult  bony  skeleton  may  be  desenl>ed  as  con- 
sisting of  un  nxial  Hkfhfnn  found  in  the  head,  neck,  and 
trunk;  and  an  apprndirufar  xkrhton,  consisting  of  the 
bones  in  the  limbs  and  in  the  arches  (u  and  «,  Fig.  13)  by 

I  which  these  are  oan-icd  and  attaclied  to  the  trunk. 
Axial  Skeleton.  The  axial  skeleton  consists  primarily 
of  the  vfrfehral  eolutnn  or  spine,  a  side  view  of  which  is 
represented  in  Fig,  14.  The  upper  port  of  this  column  is 
compoecd  of  twenty-four  separate  bones,  each  of  which  is  a 
vertebra.     At  tho  posterior  part  of  the  trunk,  beneath  the 


M 


THR  UVSiAN  BODY, 


Tin.  13  -Tlw  V>nuy  aint  r«nilu«itiMtis 


no.  M  -8M»'  vl*.w  of 
Bplnftl  columu. 


VRHTEBR.iS. 


(15 


movable  vertebrte,  comes  the  sjitrnm  (i^  1),  made  np  of 
vertcbrde,  which  in  the  adult  grow  together  to   form 

le  bone,  and  below  the  siicrum  is  the  coccyx  {Co  1—4), 
non^isting  of  four  very  small  tuil  vertebrae,  which  iu  ad- 
vanced life  also  unite  to  form  one  bono. 

On  the  top  of  the  v.-rt'^bnil  column  is  borne  the  shdly 
mode  up  of  two  parts,  viz.,  a  grout  box  above  which  in- 
closes the  brain  and  is  called  the  cranium,  and  w  large 
number  of  bones  on  the  venlnil  Bide  of  Ihin  which  form  the 
skeleton  of  the  face.  Attached  by  ligjimentis  to  the  under 
side  of  the  cranium  is  the  hyoid  bone,  to  wliich  the  root  of 
the  tongue  is  fixed. 

Of  the  tiveuty-fonr  separate  vcrtobnc  of  the  adult  the 
seven  nearest  the  skull  (Fig.  14,  C  1-7)  lie  in  the  neck 
and  are  known  as  the  rerviral  vfrtfbnp.  These  are  fol- 
lowed by  twelve  others  which  have  ribs  attached  to  them 
(see  Fig.  13)  and  lie  at  the  back  of  tijc  chest:  they  are  the 
dorml  vertebra!  {D  1-13).  The  ribs(Fig,  26*)are  slender 
curved  bones  attached  by  their  doi*6al  ends,  called  their 
heads,  to  the  dorsal  vertcbiw  and  running  thence  round  the 
sides  of  the  chest.  In  the  ventral  median  lino  of  the  lat- 
ter is  the  breaf^t-honc  or  sirrnum  (d.  Fig  13).  Each  rib 
near  its  sternal  end  ceases  to  be  bony  and  is  composed  of 
cjirtilage. 

These  parts — skull,  hyoid  bone,  vertebral  column,  rilw, 
and  sternum — constitute  the  axial  skeleton,  and  we  have 
DOW  to  consider  its  jmrts  more  in  dettul. 

The  Dorsal  Vertebrae.  If  a  single  vertebra,  say  the 
eleventh  from  the  skull,  be  examined  carefully  it  will  be 
found  to  consist  of  the  following  parts  (Figs.  15  and  1*1): 

First  a  bony  mass,  C,  rounded  on  the  sides  and  flattened 
on  each  end  where  it  is  turned  towards  the  vertebne  above 
and  below  it.  This  stout  bony  cylinder  is  the  **  bodi/'  or 
reittrum  qI  the  vertebra,  and  tl»e  scries  of  vertebnil  bodiea 
(Fig.  14)  forms  in  the  trunk  that  bony  partition  between 
the  dorsal  and  ventral  cavities  of  the  body  spoken  of  in 
Chapter  L  To  the  dorsal  side  of  the  bo<ly  is  attached  ati 
arch — ihn  neural  ft rrh.  A,  whirh  with  the  back  of  the  body 
incloses  a  space.  Fi\  the  nt'urtil  rimj^     In  the  tube  formed 
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by  the  rings  of  the  successive  vcHebne  lies  the  spinal  cord. 
Projecting  from  the  dorsal  side  of  the  neumi  arch  is  a  long 
bony  bar.  Pa,  the  apinous  proi^es.v  ami  tho|ipojt'cti(jnsof  these 
processes  from  the  various  vertebra*  can  be  felt  through  the 
skin  all  down  the  middle  of  the  bat'k.  Hence  the  name  of 
Bpiiuil  column  often  given  to  the  whole  back-bone. 

Six  other procesaes  arise  from  the  arch  of  the  vertebra:  two 
project  forwards,  i.e.  towards  the  head;  these,  Prt«.  are  the 
anterior  articulor  proresneH  and  have  a  smooth  surface, 
covered  with  cartilagejon  their  dorsal  sides.     A  pair  of  sim- 


V^'. 


Tei   n 


Fie.  1«. 

Fio  IS.— A  doraal  \mrtehra  wen  from  behind,  i.e.  Uw  mud  turned  from  Um 
bead. 

Fio.  16.— Two  dorsal  vertvbne  viewed  from  the  left  aide,  aud  in  their  natural 
rpUtlve  poslUona.  C,  the  body;  A,  neurnl  arvh;  f\\  the  nt'urul  ring,  Pt.  spt- 
nou*  proceaw;  i\u,  anterior  articular  proo^as:  PcU,  poat«*rior  nrtirular  process; 
}*tx  trnnsverae  proceaa;  Ft,  facet  for  articulation  with  the  tubercle  of  a  rfb; 
Fc4t  Fti,  articular  aurfac«8  on  the  centrum  for  artieuJatlou  with  a  rib. 


War  posterior  articular  processes,  Pat,  runs  buck  from  the 
neural  arch,  and  these  have  smooth  surfaces  on  their  ven- 
tral asfwcts.  In  the  natural  position  of  the  vertebra,  the 
smooth  surfaces  of  its  anterior  articular  processes  fit  upon 
the  posterior  articular  jtrocosses  of  tho  vertebra  next  in 
front,  forming  a  joint,  and  tlic  two  procesrsos  are  united 
by  ligaments.  Similarly  its  posterior  articular  pioccsscs 
form  jointii  (Fig.  ItJ)  with  the  anterior  articular  processes 
of  the  vertcbm  next  behind. 
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The  remaining  procCHacs  are  the  irufisrene^  P(,  whicli 
mil  outwards  and  u  little  dorsutly.  Each  of  thceo  has  u 
Btnooth  articulur  surface,  /V,  near  iU  outer  end. 

On  the  ''body"  are  seen  two  articular  furfiices  on  each 
side:  one,  /'r^,  at  iU  anterior,  the  otlicr,  Fci^  at  itii  ponte- 
rior  end,  and  both  close  to  the  attuchment  of  the  neural 
arch.  Each  of  these  Hurfjicoa  forms  with  corresponding 
areas  on  the  vert^Iine  in  front  and  behind  a  pic  into  whicb 
the  end  of  a  rib  fits  and  the  rib  attached  in  this  way  to 
the  anterior  part  of  the  '^body"  also  titled  on.  a  httle  way 
from  it-^  dorsiil  end,  to  the  articular  .surfjice  at  the  end  of 
the  transver!*e  j>rocess. 

The  Segments  of  the  Axial  Skeleton.  If  a  dursal  verte- 
bra, si\\  thi'  tirst  (Fig.  IT),  \n^  dctwciied  with  the  pair  of  riba, 
Cv,  belonging  to  it  and  the 
bit  of  the  sternum,  S,  to 
which  thene  ribs  are  fined 
vcutnilly,  we  would  find  a 
!)ony  partition  formed  by 
tl)e  body  of  the  vertebra, 
lying  between  two  ardu's 
which  surround  cavities. 
The  dorsal  cavity  inclosed 
by  the** body'*  and '•  neural  -  ..  rx. 
arch      contained  oneinallv  "f » t^frnicm  uf  ihcaxiai  KketctoD    r  a 

.     .  .       ,  J      ,_,  '     vertebra;  C.  Cv.  rlb«  artlculaUtiK  aboro 

part  of  the  spinal  cord.     I  he   with  the  Unly  ami  transven**-  pnx:eew  o( 

,,  ,  1.      4i_       *hi?   vfrt^-bm;    S.  lh»i'   brrajit-lM>ne-     Tb* 

other   ring,  made  up    by  the  U^hter  ahulisl  part  butvrevu  ^S  and  C  la 

body  of  the  Yertebra  dor-  """"x*""^ 
sally,  the  sternum  ventrally,  and  the  rib.s  on  the  sides,  sur- 
rounds the  chest  cavity  with  its  contents.  All  of  these 
parts  together  form  a  typical  s<iguient  cf  the  axial  Rkelct-on, 
which,  however,  only  attains  this  completeness  in  the 
thoracic  region  of  the  trunk.  In  the  skull  it  is  gi-ciitly 
modified;  and  in  the  neck  and  the  lower  part  of  the  trunk 
the  ribs  are  either  absent  or  very  small,  appearing  only  as 
processes  of  the  vertcbne;  and  the  sternal  portion  is  wanting 
altogether. 

Nevertheless  we  may  regard  the  whole  axial  skeleton  as 
made  up  of  a  series  of  such  segments  placed  one  in  front  of 
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the  other,  bat  having  different  portions  of  the  ci^mpleto 
segment  much  nKxlififd  or  rudinicntnn.-.  or  even  altogether 
wanting  in  some  regions.  Parts  wliicJi  in  this  sort  of  w»j 
really  correspond  to  one  another  thongh  thev  differ  in  de- 
tail, which  urc  so  to  speak  different  varieties  of  one  thing, 
are  fiaid  in  anatomical  language  to  l>c  litunologouH  \o  rino  an- 
other; and  when  they  !*ucc<?cd  one  another  in  a  row.  as  the 
trunk  segnifnts  do.  the  h'miulogy  is  s]>oken  of  oa  neriaL 

The  Cervical  Vortebrw.  In  the  cervical  region  of  the 
vertebral  column  the  boilies  of  tlie  vertebne  are  smaller 
than  in  the  dorsal,  but  the  arches  are  larger;  the  Bpinous 
processes  are  short  and  often  bifid  and  the  transverse  pro- 
cesses appear  perforated  by  a  cana).  the  vf^rfebral  foramen. 

The   bony    bar  Ixmnding 

^^^flB^^^3v  Fri      ^^'^  aperture  on  the  ventral 

4|CT^^Pl^;t<^__^^     side,  however,  is  in  reality 
^^^  )  (j  a  very  small  rib  which  has 

W^^^g"^/^^  grown  into  continuity  with 

^■^  the  body  and  true  transverse 

y\3      X  process  of  the  vertebm,  al- 

though separate  in  very  early 
life:  the  tninsvcrsc  process 
proper  iMJunds  the  vertebral 
foramen  dorsally.  In  this  latter  during  life  runs  an  artejT, 
which  ultimately  enters  the  skull  cavity. 

The  Atlas  and  Axis.  The  first  aud  second  cervical  ver- 
tebne differ  considerably  from  the  rest.  The  first,  or  atlas 
(Fig.  19),  which  carries  the  head,  has  a  very  small  body, 
An,  and  a  large  neural  ring.  Thit*  ring  is  sulidivided  by  a 
cord,  the  tranttverse  Uij(tm€nf,  L,  into  a  dorsal  moiety  in 
which  the  spinal  cord  lies  and  a  ventral  into  which  the 
bony  prm^ess  D  pi*ojects.  This  is  the  odontoid  prurcstt,  and 
arises  from  (he  front  of  the  axis  or  second  cervical  vertebra 
(Fig.  '^O).  Around  this  peg  the  atlas  rotates  when  the  liend 
is  turned  from  side  to  side,  carrying  the  skull  (which  ar- 
ticulates with  the  large  hollow  surfaces  Fa^t)  with  it. 

The  odontoid  process  really  represents  n  large  piece  of 
the  body  of  the  atlas  which  in  early  life  separates  from  its 
own  vertebra  and  grows  on  the  axis. 


Fio.   IS. -A  «mcal  vertebra.     Frt 
▼ertcbrai  forauMJO ;  Poi.  anterior  »rUc 


SAClWif. 


le  Lumbar  Vertebrae  (Fig.  'M)  are  Hie  largest  of  ull 

iiioviiMo  VL'i-lebi;!'  am]  huvo  uu  ribs  tittiu.>hed  to  tlieiu. 

Their  spiu&8  are  short  and  stout  and  lie  in  a  more  horizontal 


n^ 


Fas 


Fr( 


Pftt 


Fio  an. 

Fia  19.-1^9 atlas.       Fio  Xl-Thtrru-ui.     ^a,  bodr  nf  atlrui:  IK  wlont^)!*!  pro- 
e»;  fbJ.  faoept  on  front  of  stUw  wiLh  whk^h  the  «kull  artlfuljil«>*i :  and  in  Fif.  tf). 
itertor  &rCioulftrsai^^c«of  KJdi»:  /.,  tntDnrcrsv  llg'iimcnt:  Prt.  vt*rtf«bral  (orm- 
!n;  Ap.  ueurml  arch:  Tp,  nplnoiu  proeem. 

plane  than  those  ot  the  vertebra  in  front.     The  articular 
'»nd  tranevorisc  procDsse:^  are  ul»o  short  and  stout. 

The  Sacrum,  which  is  represented  alon*^  with  the  lajft 
lumbar  verlol>ra  in  Fig.  2*Z,  consists  in  tlie  lulult  of  a  single 
bone;  but  crosft-ridges  on  its  ventral  enrface  indicate  the 


Fio.  VI  —A  luinhar  veitebm  flsen  from  the  Uttl  cride.  Ft.  spinouii  proc«M; 
/\u,  anterior  iuik:ulttr  proouaa;  Ati,  poeterlar  articular  process;  Pt,  tnuisvene* 
proocM. 

limitif  of  the  five  separate  vertebrae  of  which  it  is  composed 
in  childhof>d.  It  is  aM>n»ewhat  triangular  in  form,  its  ba^e 
being  directed   upwards  and  articulating  witik   the  under 
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BurfacG  of  the  lx>dy  of  the  fifth  luniHar  vertebra.     Ou  its 
fiides  are  large  aiirfaoeti  to  wliich  the  Avoh  bearing  the  lower 


Via.  fit.— The  lA*t  lumbar  vert«hra  And  th«  lAcrum  w«n  from  the  Tentr&l  «ld«. 
J^,  anterior  aacrat  foramina. 

limbs  is  uitnchwi  (spi?  Fig.  13).  Its  ventral  surface  is  con- 
Ottve  and  smooth  and  present*  four  pairs  of  untrrior  mn'al 
foramina^  Fsa,  which  communicate  with 
the  neural  canal.  Its  dor^l  surface,  convex 
and  roughened,  has  four  *^imilar  pair^of  joow- 
ierior  mrral  foratnina. 

The  rorcyx  (Fig.  23)  calls  for  no  special 
remark.     The  four  liones  which  grow  togeth- 
er, or  auktjlof^e,  to  form   it  represent  only  the 
^  bodies  of  vertebra?,  and  even  tliat  imperfectly. 

'  It  is  in  reality  a  short  tail,  although  not  visi- 

cocoyi.  ~  Mo  as  such  from  the  exterior. 

The  Spinal  Column  as  a  Whole.     The  vertebral  column 
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is  iu  a  man  of  average  height  about  twenty-eight  inches 
long.  Viewed  from  one  side  (Fig.  14)  it  presents  four  cur- 
vatures ;  one  with  the  convexity  forwards  in  the  cenical 
region  is  followed,  iuthe  dorsal,  by  a  curve  with  its  concav- 
ity towards  the  chest.  In  the  lumbiir  region  the  curve  has 
again  Ma  convexity  turned  ventrally,  while  in  the  sacrul  and 
coccygeal  regioastbe  reverse  is  the  case.  These  curvatures 
give  the  whole  column  a  good  deal  of  springiness  such  a^ 
would  be  absent  were  it  a  straight  rod.  and  tliis  is  farther 
secured  by  the  presence  of  comprpssiblc  elastic  pads,  the 
intervertebral  diskn,  made  up  of  cartilage  and  connective 
tissue,  which  lie  between  the  bodies  of  those  vertebrse 
which  arc  not  ankylosed  together,  and  fill  up  completely 
the  empty  spaces  left  between  the  bodies  of  the  vertebrip  in 
Fig.  14.  By  means  of  these  pads,  moreover,  a  certain 
amount  of  movement  is  allowed  between  each  pair  of  ver- 
tebrae ;  and  so  the  spinal  column  can  be  bent  to  consider- 
able extent  in  any  direction  ;  while  the  movement  between 
any  two  vertebrne  is  so  limited  that  no  nharp  bend  can  take 
place  at  any  one  point,  such  as  might  tear  or  injure  other- 
wise the  spinal  cord  contained  in  the  neural  canal.  The 
amount  of  movement  permitted  is  greatest  in  the  cervical 
region. 

In  the  case  of  the  movable  vertebra?,  where  the  arch 
joins  the  body  on  each  side,  it  is  somewhat  narrowe<l;  this 
narrowed  stalk  being  known  as  the  pedicle  {It,  Fig.  10), 
while  the  broader  remaining  portion  of  the  arch  is  its  httn- 
ina.  Between  the  pedicles  of  two  contiguous  vertebne 
there  are  in  this  way  left  ajwrturcs,  the  inhrvertehrnl  holes 
which  form  a  series  on  ejich  side  of  the  vertebral  column. 
and  one  of  whicli,  Fi,  is  shown  between  the  two  dorsal 
vertebra?  in  Fig.  10.  Through  these  foramiua  nerves  run 
oat  from  the  spinal  cord  to  various  regions  of  tlie  Body. 
The  sacral  foramina,  anterior  and  posterior,  arc  the  repre- 
sentitives  of  these  apertures,  but  modified  in  arrangement, 
on  account  of  the  fusion  of  the  arches  and  bodies  of  the 
vertebrw  between  which  they  lie. 

Stemujn.  The  »tenmm  or  breaai-bone  (Fig.  24  and  t/. 
Fig.  13)  is  wider  from  side  to  side  than  dorso-ventrully.    It 
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consists  in  the  adult  of  three  pieces,  and  seen  from  the  ven 
tral  side  has  somewhat  thD  form  of  a  duggcr.  The  piece 
M  noiirt'st  the  head  is  railed  the  hautilf*  or  manvbnum, 
and  jirc'sent.s  uiiteriorily  a  noteh,  Id,  on  eaeh  side,  with 
whiek  the  eollar-bonc  urtieidates  (w,  Fig.  13);  ou  each  side 
are  two  other  notehes,  Ic  1  luid  It;  2,  to  which  the  sternal 
ends  of  the  first  and  second  ribs  ni*e  attnc!»ed.  The  middle 
piece,  r,  of  tlie  sternum  is  called  the  bodij:  it  corn|ileie« 
the  notch  for  the  second  rib  iuid  hits  on 
its  sides  others,  Ir  3-7,  for  the  third, 
fourth,  fifth,  sixth,  and  seventh  ribs. 
The  hist  piece  of  the  stenium,  P,  is 
called  the  msifona  or  xiphoid  process; 
it  is  eompo.«ed  of  cartilage,  nnd  Ltw  no 
ribs  attached  to  it. 

The  Ribs  (Fig.  25).  There  are  twelve 
pairs  of  ribs,  each  being  a  slender  enrved 
bone  attached  dorsally  to  the  body  and 
transverse  process  of  a  vertebra  in  the 
manner  already  mentioned,  and  con- 
tinued veutrally  by  a  cosfai  cartih'je. 
In  the  case  of  the  anterior  seven  pairs, 
the  costal  cartilages  are  attached  direct- 
ly to  the  sides  of  tlio  breast-bone;  the 
next  tlirt'o  curtilages  are  each  attached 
to  the  curtilage  of  the  preceding  rib, 
while  the  cartilages  of  the  eleventh  and 
twelfth  ribs  are  (piito  iinattaehod  rcn- 
trally.  so  these  are  called  the  fre^  or 
The  convexity  of  each 
curved  rib  is  turned  outwards  so  as  to 
give  roundness  to  the  sides  of  tho  chest  and  increase  its 
cavity,  and  each  8loi)es  downwards  from  its  vcrtebi-al  at- 
tachment, so  that  its  sternal  end  is  considerably  lower  than 
its  doi-sal. 

The  Skull  (Fig.  20)  consists  of  twenty-two  hones  in 
the  atUili.  of  which  eight,  forming  the  rrauittm,  are  ar- 
ranged so  as  to  inclose  thii  brain-case  and  protect  the 
auditory   organ,    while   the   remaining    fourteen    support 


Fio.  W.— The    sternum 
•twn  on  its  vHDtiml  aftpfvt. 

i/,  iiiaiiutiHiim:  C.  body; 
P.  xiphoifl  procnw:  Id. 
noXch  forihetTiUar-hoiK'; 

le  1-7,  uotciH.8  for  ibts "  itdftfin/J  rihu. 

rib  oartilfi^*H.  ^  •' 
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tbe  face  and  sarronnd  the  luoinb,  the  noee,  and  the  eje- 
£Ocket& 


7RI.95.— T1ieHb«orUMlcAa*J«.  wHkiae  do>ml  Md  two 
ttv  rib  cmitiUM^B  uxl  Um  ■tarnum. 


Cr&Diuin.  The  cranium  Is  a  box  with  a  thick  floor  and 
[thinner  walls  and  ro^jf.  Its  floor  or  bate  repre^mts  in  the 
[liead  (as  is  depicted  diagrummatieallv  in  Fig.  2)  that  par* 
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tiiion  between  the  dorsal  and  ventral  cavities  which  in  the 
trunk  18  made  np  of  the  bodies  of  tl»e  vertebra*.  In- very 
early  life  it  jiresenta  in  the  middle  line  iv  series  of  fowr 
bunea,  the  btm-orcipifaU  iMm-sphenoid,  presphpnoid.  and 

Top 


Tut.  96.— A  ^dv  vtev  nf  i\w  flkiiH  Q,  ocotpital  boiw:  T,  temporal;  Ft,  puto* 
t&l:  F,  frontal:  .S'.  »ptii^iiMl<l ,  Z,  malar;  Mr,  maxilla.  .V,  na^Al;  E  iHhmoHl;  !«, 
iftobiTiiukl;  MH,  luferior  uulxIIU. 


hasi-etlimoid,  which  answer  pretty  much  to  the  bodies 'of 
four  vertebral,  and  liavo  attuthod  to  them  the  thiu  bones 
whidi  inclose  the  sknll  cavity  (whiv;h  may  be  likened  to 
an  enlarged  nenrnl  canal)  on  the  Mdeti  and  tj)p.     In  the 


f'/?.l.V/.IA  JtOXKfi 
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[nman  Boily.  liuwpvpr.  tho>*»  boii(»K  vrry  p^on  nnkylo^ 
With  oUmts  or  with  on*"  another;  nllhungh  they  remain 
distinct  throughout  life  in  the  sknllri  of  very  mivnj  lower 
nninmls.  On  the  base  of  the  ftkntl.  hobideri  numy  8nmU 
nperturos  hy  which  uftrrtv'i  und  bl«M>(i->('ssoIs  jio.-'.s  in  or  out, 
is  H  large  ai>6rrure,  tho  fftramen  maynum,  through  which 
the  E^pinol  cord  posses  in  to  joiu  the  brain. 

The  cranial  l>onefi  are  the  following: 

1.  The  fH-riftiial  b'Vie  (Fig.  20. 
0)  utijminil  uiul  huving  in  it  the 
foramen  magnum.  It  is  niado 
up  by  the  fusion  of  the  ba^i-oc- 
cjpitiil  with  othc'i'  flatter  bones. 
2.  Tiie/r.;n/«/  b*me  (Fig.  20,  F), 
alM>  unjMiirtHi  in  the  adult,  but 
hi  the  child  each  half  is  a  sep- 
<ira(dM)ne.  3.  A  [mirof  thin  pinlc- 
like  parittal  bonrs  (Fig.  20,  Pr) 
which  meet  one  another  along  the 
middje  line  in  the  top  of  the 
»kull.  and  roof  in  a  great  part  of 
the  enuiial  oavity,  4.  A  pair  of 
temporttl  bones  (Fig.  ^'0,  T).  one 
on  cttch  side  of  the  ^kull  1x>neath 
the  }>arietnl. 


Km  er     Th.'  Iw-. 

Tl*'*  I'lWrTJUWhll      I 

On  eneh   toraporal    rn..f  • 

wl   I '  ■ 

bono  is  a  lar^o  aperture  leiwling    Ab<>^ 
into  tlie  ear  wivity,  the  essential    '*'*^ 


Uie   I: 

roll  %  ■ 
duff 


I  il.  u.iir 
I'll    con- 


ports  of  the  organs  of  hearing 
being  contained  in  thet^e  bones. 
5,  The  it))hriinifi  ftonf^  made  up 
by   the   ui)ion   of  the  iHtai-aphf- 

iioid  ^Dil  pre- xphptwid  {\\ing  on  the  base  of  skull  in  front 
of  the  bsisi-oceipitfil)  MJth  one  another  and  with  flatter 
honei;.  is  seen  partly  (  Fig.  '^0,  S)  on  the  sides  of  the  oninium 
in  front  of  tlie  tompomlt*.  0.  TJic  efhmuitf,  like  the  sphe- 
noid, single  in  the  adult,  is  really  made  up  by  the  union  of 
a  single  median  bnsi-i'fhmoid  with  u  pair  of  lutcnU  bones. 
It  closes  the  skull  cavity  in  front,  and  lies  between  it  and 
the  top  of  the   nasjil  chamber"',  being  porforatiMl  by  many 
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small  holes  <ljron£;li  wliicli  the  nerves  of  smell  pass,  A 
little  bit  of  it  is  seen  oti  tiie  iaiior  side  of  the  eye-socket  at 
E  in  Fig.  2(». 

Facial  Skoloton.  The  majority  of  the  face  bones  are  in 
pairs  ;  two  <»nly  heing  single  luul  ineillaii.  One  of  these  is 
tlio  lower  jiiw-imnc  or  inferior  maxilla  (Fig.  20.  Md);  the 
other  is  the  vomerj  which  forms  part  of  the  partition 
between  the  two  nostrils. 

The  jiaired  fiue-boncK  are:  1.  The  maxilla,  or  upper  jaw- 
bonus  (jVj-j  F'ig.  2G),  one  on  each  side,  currying  the  upper 
row  of  teeth  find  forminf^  a  great,  part  of  the  hard  paln/e, 
■which  separates  the  month  from  the  nose.  2.  The  pala- 
fifif  bows,  completing  the  skeleton  of  the  hard  palate,  and 
behind  which  the  nose  communie-atcs  by  the  pofntrrior  /larM 
(Fig.  "27)  with  the  throat  cavity,  so  that  air  can  paiss  in  or 
out  in  breathing.  3.  The  malar  bonfA,  or  cheek-bones, 
(Z,  Fig.  26),  lying  beneath  and  on  the  outside  of  the  orbit 
on  each  side.  4.  The  nasal  boHc.i  (jV",  Fig.  2H)^  roofing  in 
the  nose.  5.  The  lachnjtnal  bonen  (L,  Fig.  26),  very  small 
and  thin  and  lying  between  the  nose  and  orbit.  6.  The 
inferior  turbin^ife  bones  lie  inside  the  nose,  one  in  each 
nostril  chamber. 

The  Hyoid.  Besidra  the  cranial  and  facial  hones  there 
is,  as  already  pointed  out,  one  other,  the  bi/oid  (Fig.  28), 
which  really  belongs  to  the  skull,  although  it  lies  in  the 
neck.  It  can  be  felt  in  front  of  the  throat,  just  above 
'^Adam^s  apple."  The  hyoid  bone  is  U-shaped,  with  its 
convexity  turned  ventrully,  and  consists 
of  a  bodif  and  two  pairs  of  processes 
called  rornna.  The  smaller  cornua  (Fig. 
28.  3)  are  attached  to  the  skull,  close  to 
T  in  Fig.  2*J,  by  long  ligaments.  These 
ligaments  in  many  animals  are  represent- 
ed hy  bones,  so  that  the  hyoid,  with  them, 
forms  a  bony  arch  attached  to  the  base 
of  the  .skull  much  a.s  the  ribs  are  attached  to  the  bodies  of 
the  vertebi*se.  In  fishes,  behind  this  hyoidean  arch  come 
sevei-al  others  which  bear  the  gills;  and  in  the  very  young 
Unman  Body  these  also  are  represented,  though  they  almost 
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disappear  lon^  before  birth.  The  hvoid.  then, 
with  its  e»>niim  mid  lij^anionts  answers  pretty  Diiicli  to  a 
gill-arch,  or  really  to  parts  of  two  gill-arches,  since  the 
great  and  amull  cornua  belong  to  originidly  sepanite  archca 
present  at  an  early  stage  of  dcveloi)mcnt.  It  is  a  remnant 
of  a  structure  wiiich  has  no  longer  any  use  in  the  Human 
Body;  but  in  the  young  frog  tadpole  parts  answering  to 
it  carry  gills  and  have  clefts  between  them  which  extend 
into  the  throat  just  as  in  fishes.  The  gills  are  lost  after- 
wards and  the  clefts  closed  up  when  the  frog  gets  its  lungs 
and  begins  to  breathe  by  them.  In  the  embryonic  human 
being  these  gill-clef t8  are  also  present  and  several  more 
behind  them,  hut  the  arches  between  them  do  not  bear 
gills,  and  the  clefts  thempeives  ai*e  closed  long  before  birth. 
As  they  have  no  use  their  presence  is  hard  to  account  for; 
those  who  accept  the  doctrine  of  Evnhitton  regard  them  as 
developmental  reminiscences  of  an  extremely  remote  ances- 
tor in  which  they  were  of  functional  importance  somewhat 
as  in  the  tadpole;  of  course  this  docs  not  mean  that  men 
were  devel(>|»ed  from  tud]H)le8. 

The  Appendicular  Skeleton.  This  consists  of  the 
ifhoulti^r  girdlf  and  tlie  hones  of  the  fore  limbs,  and  the 
pelvic  girdh  and  the  hones  of  the  posterior  limbs.  The  two 
Bn]»j>oning  girdles  in  their  natural  position  with  reference 
to  the  trunk  skeleton  are  represented  in  Fig.  20. 

The  Shoulder  Olrdle,  or  Pectoral  Arch.  This  is  made 
up  on  each  sitle  of  the  scapula  or  ahouUicr-hlade,  and  the 
clavicle  or  collar-bone. 

The  sc^puh  (S,  Fig.  29)  is  a  flnttish  triangular  bone 
which  can  readily  be  felt  on  the  back  of  the  thorax.  It  is 
not  directly  articulated  to  the  axial  skeleton,  but  lies  im- 
bedded in  the  muscles  and  other  parts  outside  the  ribs  on 
each  side  of  the  vertebral  coiunni.  From  its  dorsal  side 
arises  a  crest  to  which  the  outer  end  of  the  collar-bone  is 
fixed,  and  on  its  outer  edge  is  a  .'^hallow  cup  into  which  the 
tup  of  the  arm-bone  (its;  this  hollow  is  known  as  the  glrnoid 
fosm. 

The  collar-bone  {C,  Fig.  29)  is  cylindrical  and  attached 
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uX.  its  inner  end  to  the  sternum  a«  shown  in  tlie  figure,  fit- 
ting into  th(*  UMk'h  rtqiresenletl  at  hi  in  Fig.  24. 

Th^  Fore  Limb.     In  tlie  liniS  itself  (Fig.  30)  arc  thirty 
bonoi.     The  hirgest,  a,  lies  in  tlie  tip)K;r  arm,  Hn()  is  cfllled 


Fm  90— Thr  vk^lelnn  of  Ihr  tnink  ami  thtf  limb  urebe*  i»e**n  fruin  the  fnmt. 
r.  clfcvlclr;  M.  ftcAiniU:  f«e,  Innuminaie  bone  attached  to  tlie  i(li1»>nrtlie  ^ar^lnl 
doraally  U)<t  meeting  it«  fellow  at  the  pubiQ  wymph^tit  in  ibe  Tentnl  mecliu 
lint*. 

the  humerus.  At  the  elbow  the  humenu  is  succeeded  by 
two  bones,  the  radiuH  and  ulna,  r  and  A.  which  lie  side  bv 
."lith',  the  rudiuH  being  on  tlio  thumb  8ido.  At  tlic  distal 
eudd  ol  theav  buncci  come  eight  am^ll  ones,  closely  j)ucked 
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forming  I  ho  wrist,  or  ^«r/>M.v  Then  come  five  cvliiidri- 
bone*  which  can  bo  felt  througli  tlie  soft  ]iartg  in  the 
pulm  of  the  hund:  one  for  the  thumb,  uml  one  for  each  of 
the  tjugurs.  These  uie  tlie  melararjHtl  hun^g,  iintl  are  dis- 
tinguished inA  first,  second,  thinl.  and  bn  on.  the  first  being 
that  of  the  thumb.  In  llie  thumb  itself  are  two  bones^  und 
in  euch  linger  three,  iirnmged  in  rows  one  after  the  other: 
ihe^e  bnneH  are  all  culled  phnhunjei* 

The  Pelvic  Girdle  (Fig.  21)1.  This  tfinsistri  of  a  hirge 
bone,  the  on  iuhominafum,  Qc,  on  eacli  side,  which  it» 
finnlr  fixed  dorsaJly  to  the  sHcrum  and  meets  it«  fellow  in 
the  middle  venti-al  line.  In  the  child  cjich  os  innominalum 
consists  of  three  bonufi,  ciz.,  the  ilium,  tlie  ischium,  and 
pat>ift.  Where  Ihene  three  bones  meet  and  finally  ankylose 
there  i6  a  deep  .<focket,  the  acetabulum,  into  which  llie  head 
of  the  thigh-bone  tits  (see  Fig.  13).  Between  tliepuUcand 
ischial  bones  is  the  largest  foramen  in  the  whole  pkeleton, 
known  as  the  doorlike  or  f/ufroifl  foramen.  Tlu*  pubic 
bone  lies  above  and  the  ischial  below  it.  The  ilium  forms 
the  up}>er  expanded  portion  of  the  os  innominatum  to 
which  the  line  drawn  from  Of  in  Fig.  29  points. 

The  Hind  Iamb.  In  tlii*  tlicre  are  thirty  bones,  as  in  the 
fore  Jiiub,  but  not  quite  similarly  arranged;  there  being  one 
\es»  at  the  ankle  than  in  the  writ«t,  and  one  at  the  knee 
not  pre.«*ent  at  the  elbow-joint.  The  thigh-bone  or  fnttur 
(o,  Fig.  31)  ib  the  largest  bone  in  the  body  and  extends 
from  the  hip  to  the  knee-joint.  It  presents  above  a  large 
rounded  hradvrhich  tits  into  tlie  acetabulum  and,  below,  it 
is  also  enlarged  and  presents  smoolli  surfaces  which  meet 
the  bones  of  the  leg.  Those  latter  are  two  in  number, 
known  as  tlic  libia,  v,  or  shin-bone,  and  Jibuiaj  d;  the  tibia 
being  ou  the  grcat*toe  side.  In  front  of  the  knee-joint  is 
the  knce-cjt|>.  or  pntdlny  A. 

At  the  dijital  end  of  the  leg-bones  comes  the/oo^  con- 
sisting of  tarnuH,  metatarsu^^  and  phnUiiufea,  The  tarsus. 
which  answer*  to  the  car))UH  of  tlu*  fore  limb,  is  made  up  of 
Hoven  irregular  bones,  the  largest  being  the  heel-bone,  or 
rakanrnm^  k.  The  metatarsus  consists  of  tire  bones  lying 
^-de  by  side,  und  each  carries  a  toe  at  itb  distal  eud.    in 
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the  great  toe  (or  hallux)  there  arc  two  phalanges,  in  each 

of  thi*  others  three,  anaugoil  as  in  the  finfjers,  hut  Hmaller. 

CoznparisoQ  of  the  Anterior  and  Posterior  liimbe.     It 
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Fio.  80.— Thpbcmeaof  thearm.  a.  humeriin:  b.  ulna;  c.  nidiuB.  d.  thpcarpus; 
t,  tliv  firth  meUcarp&l:  /.  tlie  thret*  iihalaniEint  uf  the  flflh  cli>:it  (little  flocrr}, 
0,  thf  pli«lanif«*ft  of  i)h>  pollex  (tbitmij). 

Ftu.  31.-  HoitPH  of  i\iv  We.  a.  r«-iuttr;  6,  iMtvlla;  r.  tibia;  d,  flbiita;  Ji,  calca- 
neuiu;  r.  rvmnining  tJtrMil  boot-ft;  /.  int.>t«tanuil  bon«s;  y,  plmlangfft. 

is  clear  that  tlie  skelclotiR  of  tlie  arm  and  leg  correspond 
pretty  closely  to  one  another.  Both  are  in  fact  t|nitc  alike 
in  very  early  life,  and  their  tlilTerenees  at  birth  depend  upon 
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their  diverging  in  different  ways  an  thev  develop  from 
their  primitive  simplicity;  i\&  both  may  l>e  regarded  as 
moditicutions  of  the  same  original  Htrueture,  they  are  hO' 


o       p 


Fio.  3S.— The  sIcelHoii  of  rhr*  arm  ami  li^  11  ihr  litiinenu:  Cd.  )u  ftrticuUr 
be«d  which  nta  Into  ttie  ejenoitl  fot»aa  of  tbi>  ■irupiilti;  (.'.  theuln*;  K.  the  ra- 
dius; O,  tiitt  olecrariun;  Ft,  the  ftfiaur:  7'.  ihv  pattjllii;  /Y,  Umj  Abula;  T,  tii« 
tibia 


molut/oujf.     The  pelvic  girdle  elcarly  uorresponda  generally 
to  the  [sectoral  arch,,  the  tibia  and  tibtila  to  the  radium  aud 
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ulna  ;  the  fire  metatarsal  bones  to  the  five  metacarpal,  and 
the  phalanges  of  the  toes  to  those  of  the  thumb  and  fingers. 
On  the  other  hand,  there  is  in  the  arm  no  separate  bone 
at  the  elbow-joint  corresponding  to  the  patella  at  the  knee, 
but  the  ulna  beiirs  above  a  bony  process,  the  ohrranon  (0, 
Fig.  32),  which  at  first  is  a  separate  bone  and  is  the  rep- 
resentative of  tlie  patella.  There  are  in  the  carpus  eight 
bones  and  in  the  tarsus  but  seven.  The  a^tragnlus  of  the 
tarras  {Ta,  Fig.  35)  represents  two  bones  which,  however. 


Fu.  ai— Dloffruu  fthowlng  the  relation  of  the  pectoral  arch  to  the  axial  skel- 
eton. 

have  grown  together.     The  elbow-joint  l)end8  ventrally  and 
the  kuen-joi!»t  dorsally. 
Comparing  the  limbs  as  a  whole,  greater  differences  come 

to  light,  differences  which  are 

Q  mainly  correlated   with  the 

different  uses  of  the  two 
^^  limbs.  The  arms,  serving  as 
^^  prehensile  organs,  have  all 
their  parts  as  movable  as  is 
consistent  with  tl»e  reii«isite 
strength,  while  the  lower 
limbs,  having  to  hear  the 
whole  weight  of  the  Body, 
I'equire  to  have  their  parts  much  more  firmly  knit  together. 
Accordingly  we  find  the  shoulder  girdle,  represented  red  in 
the  diagram  (Fig.  .^3),  only  directly  attached  to  the  ajiiil 
skeleton  by  the  union  of  the  inner  ends  of  the  clavicles  with 
the  sternum,  and  capable  of  considerable  independent  move- 
ment, as  seen,  for  iiistanco,  in  "shrugging  the  shoulders." 
The  pelvic  arch,  on  tiic  contrary,  is  firmly  and  immovably 


Fw.  ftl. — Dlajtram  Abowinfc  tho  attach- 
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fixed  to  the  eidcs  of  t  lie  »iacriira.  The  sookt4  of  the  5capnla, 
into  which  the  hciid  of  the  humenis  tit*,  is  very  sluillow 
and  allows  a  far  greater  mngc  of  movement  than  is  per- 
mitted by  the  deeper  w^ket  on  the  |>elvis,  into  which  the 
head  of  the  femur  fits.  Further,  if  we  hold  the  right 
humerus  tightly  in  the  left  luiud  and  do  not  allow  it  lo 
move,  we  can  stiHl  move  the  forearm  bones  so  as  to  turn 
the  palm  of  the  hand  either  up  or  down:  no  such  move- 
ment is  poiijiible  between  the  tibia  and  fibula.  Finally,  in 
the  foot  the  bones  arc  much  Ici*:?  movable  than  in  the 
hand,  and  are  arranged  so  lia  make  a  springy  areii  (Fig.  35) 
which  bears  behind  on  the  calcaneum,  Ca,  and  in  front  on 
the  diBtal  ends  of  the  tarsal  bonea.  Oj*;  and  over  the  crown 
of  the  arch,  at  Ta,  is  the  surface  with  which  the  leg-bonea 
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Fia  K.— The  bo»«t<i  of  tht*  foot.  Cn.  calcnntum,  or  o*  calcU;  To,  ftrticulnr 
wnrtacv  for  cibltt  on  the  aslraotMliu;  N.  scaphoid  bone :  Ct.  Ctl.  first  and  stioood 
cuDeifiinn  bontsn;  Cb.  cuboid  boo*;  Jfl,  saeCatanal  bone  of  gre^i  toe. 

articulate  and  on  which  the  weight  of  the  Body  bears  in 
standing. 

The  toes,  too.  are  far  less  movable  than  the  fingers,  and 
this  difference  is  especially  well  marked  between  tlie  great 
toe  and  tlie  thumb.  The  latter  can  be  made  lo  meet  each 
of  the  fiuger-tips  and  so  the  hand  can  seize  and  maniptilale 
very  small  objects,  while  thin  j>ower  of  oppusing  the  first 
digit  to  the  rest  is  nearly  absent  in  the  foot  of  civitizcd 
man.  In  children,  however,  who  have  never  worn  hoota^ 
and  insjivago.-*,  the  gr»'at  lor  i.s  far  more  movable,  though  it 
never  forms  i\»  complete  a  thumb  as  in  many  ape«,  wliich 
use  their  feet,  as  well  as  their  hands',  for  prehension.  By 
practice,  however,  our  own  toes  can  be  made  much  more 
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mobile  than  they  usually  iire,  su  that  Uie  foot  can  to  a 
certain  extent  repliice  the  hand;  iw  has  l>een  illustrated  in 
the  case  of  persons  honi  without  huudn  who  have  learned  to 
write  and  paint  with  their  toet. 

Peculiarities  of  the  Human  Skeleton .  These  are  largely 
connecied  wiili  !iif  division  of  laNor  In-Iween  the  fore  and 
hind  limhs  i^ferre*!  to  alxAc,  which  it*  carried  farther  \\\ 
man  than  in  uuy  otJier  creature.  Even  the  highest  apes 
frequently  use  their  fore  limbs  in  l()c<»motioD  and  their 
hind  limbs  in  prehen!*ion.  and  we  find  accoi-dingly  that 
anatouiically  they  prc^sent  less  differentiation  of  hand  and 
f«x>t.  The  other  more  important  ehanwteriaticj*  of  the 
human  fkelelon  arc  correlated  for  the  most  part  with  the 
maintenance  of  the  erect  posture,  which  is  nion*  complete 
and  habitual  in  man  than  in  the  animalt;  mo8t  closely  allied 
to  him  unatomically.  These  peculiarities,  however,  only 
appetir  fully  in  the  adult.  In  the  infant  the  head  is  pro- 
portionately lar^r,  which  gives  the  centre  of  gruvily  of  the 
Liotiy  a  c«impamtively  very  high  position  and  renders  the 
maintenance  of  the  erect  posture  difficult  and  insecni-e. 
The  curves  of  the  vertebral  column  are  neaily  atisent.  and 
the  posterior  limbs  are  rehitively  very  short.  In  all  these 
points  the  infant  approaches  more  closely  than  the  adult 
to  the  ape.  The  subsequent  great  relative  length  of  the 
posterior  limbs,  which  grow  disproportionately  fast  in 
childhood  ascompai*ed  with  the  anterior,  makes  progression 
on  them  more  rapid  by  giving  a  longer  stride  and  at  the 
same  time  makes  it  almost  impossible  to  go  on  "  all  fours" 
except  by  crawling  on  the  hands  and  knees.  In  other  Pri- 
mates this  disproportion  between  the  anterior  and  posterior 
limbs  does  not  occur  to  nearly  the  same  client. 

In  man  the  skull  i.s  nearly  balanced  on  the  top  of  the 
vertebral  column,  the  occipital  condyles  which  articulate 
•with  the  atla*  being  about  its  middle  (Fig.  27*), so  that  but 
little  effort  is  needed  to  keep  the  head  erect.  In  fonr-foot- 
ed  beasts,  on  the  contrary,  the  skull  is  carried  on  the  front 
end  of  the  horizontal  vertebral  column  and  needs  special 
ligaments  to  sustain  it.  For  instance,  in  the  ox  and  sheep 
there  is  a  preat  ela«tir  cArd  running  fmm  the  cervical  ver- 


aiAHACT&lilSTJCS  OF  IfCMAX  SKELETOS. 


f^^ 


tebrw  to  the  h,irk  of  tin*  skull  iiml  h('l|iing  lo  liold  up  tlio 
bead.     Eveu  in  the  higlioi^r  apen  the  r^knll  does  not  buJauce 
on  tbe  top  of  tbc  Hpinul  column:  the  fuco  port  it)  mucli 
heiivier  thnti  the  biu;k,  while  in  man  iIr*  fiwc  pHrls  are  rela- 
tirely  Kmallcr  uiul   the  cruniuni    lurger.  do   that    the   two 
nearly  equipoise.     T"  keep  the  heiwl  eret»t  Huci  look  things 
^trnight  in  the  fuoe,  "  like  u  man,"  Im  for  the  upeis  fur  more 
ftttiguing.  tind  so  they  eunnot  long  maintain  that  |iosition. 
The  luunau  s|niuil  rolunin.  gradually  widening  from  tho 
nei^k  to  the' siacrunu  in  wull  tilted  Id  HU6lain  the  weiglil  of 
the  head,  upper  limlw,  ett!.,  earriwl  by  it.  and  it-J curvatures, 
which  are  pt'cnliarly  human,  give  it  con.Hidoratdo  elasticity 
ocimbineii  with  Htrenfifth.     The  pelvis,  to  the  sideti  of  which 
like  lower  limbs  are  attached,  is  proportiomilely  very  broad 
in  man,  so  thai  the  balance  can  be  more  readily  maintained 
daring  lateral  bending  of  the  trunk.     The  arched  instep 
and  broad  sole  of  tlie  human  foot  are  also  \ery  character- 
istic.    The  majority  of  four-footed  beasts,  a^  horces,  walk 
on  the  tips  of  their  ioe^  and  tingerH.  and  those  animals,  a8 
bears   and  ape;*,  which    like  man  plat^e  the  tarsus  also  ou 
the  ground,  or  ai'c  plantigmdf    in  technical  language,  have 
a  much  les.«  nuirkod  arch  thei*e.     The  vaulted  hunniu  tar- 
SUB,  comimsed  of  a  number  of  small  bones,  each  of  which 
can  glide  a  little  over  \i%  neighbors,  bat  none  of  which  can 
move  much,  is  admirally  calculated  to  break  any  jar  which 
might  Ik;  transmirtcd  to  the  spinal  cohitnn  by  the  contact 
of  the  ftole  with  the  ground  at  each  stop.     A  well-arched 
instep  i.-*  therefore  justifiably  considered  a  beauty  ;  it  makoa 
progression  easier,  and  by  its  gpringiness  gives  elasticity  to 
the  Ptep.     In  I^ondon  llat-f<x»ted  candidates  for  ap)>oint- 
ment  as  policemen  arc  rejected,  a.s  they  cannot  stand  the 
fatigue  of  walking  the  daily  "beat." 


CHAPTER  VII. 

THE  STRUCTURE  AND  COMPOSITION  OF  BONE. 
JOINTS. 


GroBs  Structure  of  the  Bonos.  Tl>e  bouos  of  the  Body 
have  all  a  ^imiliu-  structure  und  i'omjM»sition,  but  on  ac- 
count of  differences  iu  shape  tliey  are  divided  by  anato- 
mists into  the  fullowint^  ^roupis:  (1)  Louy  bo7ien,  more 
or  leas  cylindrical  in  form,  like  the  hones  of  the  thigh  and 
arm,  leg  and  forearm,  mctnciirpus,  metatar.sns,  fingers 
and  toes.  (9)  Tahuhir  hours,  in  the  form  of  exjianded 
plates,  like  the  bones  on  the  roof  and  sides  of  the  skull,  and 
the  .shoulder-blades.  (3)  Short  ho?tes  :  rounded  or  angular 
in  form  and  not  much  greater  iu  one  diameter  than  iu 
another,  like  the  bones  of  the  tarsus  and  cai-])U8.  (4)  Ir- 
regular boNvSy  inoluduig  all  which  do  ntjt  get  well  into  any 
of  the  preceding  groups,and  commonly  lying  in  the  middle 
lino  of  the  Body  and  divisible  into  two  similar  halves,  as 
the  vertebnK.  Living  bones  have  a  bluish-white  color  and 
possess  considerable  elasticity,  which  is  l>cst  seen  in  long 
slender  bones  such  as  the  ribs. 

To  get  a  geneml  ide^  of  the  structure  of  a  bone,  we  may  se- 
lect the  humerus.  Externally  in  the  fresh  state  it  is  covered 
by  a  dense  white  fibrous  membrane  very  closely  adherent  to 
it  and  containing  a  good  many  small  blood-vessels. 
This  membrane  is  called  the  peri osUum;  on  its  under  side 
new  osseous  tissue  is  formed  while  the  bone  is  still  growing, 
and  all  throngh  life  it  is  concerned  in  maintaining  the  nu- 
trition of  the  bone,  which  dies  if  it  is  stripped  off.  The 
periosteum  covers  the  whole  surface  of  the  bone  except  its 
ends  in  the  elbow  and  shoulder  joints;  the  surfaces  there 
which  come  in  contact  with  other  bones  and  glide  over  them 
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And  rough  patches  on  the  slmft  indicate  places  to  which 
mu&clufi  of  tho  urm  were  fixed. 

Internal  Structure.  If  the  Ixme  bo  divided  longitudi- 
uiilly,  it  will  Ik?  Ret* ti  that  its  ehuft  is  hollow, 
ihe  s[iHco  boing  kiiowu  a*  the  tnf^lulhinj 
roritif,  and  in  Ihc  fresh  bono  tilU^  wirh 
marrow.  Fig.  37  re])rosi!UU  a  longitudi- 
nal st'L'tion  of  the  fooiur,  whirh  in  this  ro- 
.si>ect  is  <|iiite  simihu*  tii  iho  humerus. 
The  niaiTow  cavity  docs  not  reach  into  the 
articulai*  extremities,  but  tliere  tho  Ixitno 
liu*  a  loose  sjjongy  texture,  exeept  u  thiu 
layer  on  the  surface.  In  the  shnft,  on  tho 
other  hand,  the  outer  compact  layer  is 
much  the  thickest,  the  spongy  or  canari- 
lated  hone  forming  only  a  thiu  stratum  im- 
mediately around  the  medullary  cavity. 
To  the  naked  eye  the  cancellated  bone 
appears  made  up  of  a  trellis-work  of  thin 
bony  plates  which  intersect  in  all  dircc- 
tiouH  and  surround  cavities  rather  larger 
tlian  the  head  of  an  oi-dinary  pin:  the 
compact  bone,  on  the  contrary,  appears 
to  have  no  cavities  in  it  tintil  it  is  exam- 
ined with  n  magnifying  glas«.  In  the 
spaces  of  the  s|>ongy  portion  lies,  dnring 
life,  a  Bubstauce  known  as  the  red  marrow, 
which  is  (juite  different  from  the  yelloiv 
fatty  marrow  lyin^  in  tlic  central  cavity 
of  the  shaft. 

Microaoopic  Structure  of  Bone.  The 
microscope  show*  that  the  compact  bone 
contains  cavities  and  onl\  differs  from  tho 
spon<;y  portion  in  the  fuct  that,  these 
are  much  :=mflller  and  the  hard  true  bony 
plutes  surrounding  them  much  more  nu- 
Qierons  in  proportion  than  in  the  spongy 
parts.  If  a  thin  transverse  eertian  of  the  ^Imft  of  the  hu- 
merus be  txamiuod  (Fig.  38)  wiih  u  microscope  magnifying 
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twenty  diaraetera,  it  will  bo  seen  tlint  numerous  oi>cnings 
exist  oil  over  the  compact  parts  of  the  section  and  gradu- 
ally  become  larger  as  this  parses  into  the  cancelhited  part, 
neit  the  medullary  cavity.  Thest*  openings  arc  the  croRs- 
sectiona  of  tubes  known  ai»  the  J/arf^ri^tati  canah,  which 
ramify  all  through  tho  bone,  running  mainly  in  tho  dircc- 


inra  **  —A,  » tranTer^  (wctlon  of  ih<»  uloJi.  D«ttirftl  'ir^:  dhowlni^  the  m^ilal- 
Uiy  caTlty,    B,  the  mrvre  deeply  shvlw!  pirt  of  a  miMniUled  twenty  dUmeten. 


tion  of  its  long  axis,  but  united  by  numernus  cross  or  ob- 
lique branches  as  seen  in  tho  longitudinal  section  (Fig.  39). 
Tho  outermost  ones  open  on  the  surface  of  the  bono  be- 
neath tho  periosteum,  and  in  the  living  bone  blood-vesseU 
rua  from   this  through  Ihe  Haversian  canals  and  convey 
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materials  for  its  growth  and  nourishment.  The  average 
diameter  of  the  Haversian  canals  is  0.06  mm.  (tJtt  <>'  a" 
inch). 

Around  each  llarorsian  canal  lies  a  set  of  plates,  or 
lamellfp,  of  liard  bony  substance  (see  the  transviTse  section 
f'ig.  38),  each  canal  with  iU  lamella?  fonning  an  Haver- 
sian aifsinu:  ami  t!i("  wliole  bone  is  made  up  of  n  number 
of  such  syslcma,  wJtli  the  addition  of  a  few  lamella?  lying 
in  the  comers  between  them^  and  a  certain  number  which 
run  around  t lie  whole  bono  on  its  outer  surface.  In  the 
f*|i«iiigy  pails  of  the  bone  the  Haversian  cannla  are  very 
large  aud  tlio  iiiterveniug  hiuK'lhe  few  in  number. 

Between  the  lamella;  lie  small  cavities,  the  laruttcp^  each 
of  which  is  lenticular  in  form,  somewhat  like  thospacc  which 

would  be  inclosed  by  two 
watch-glasseR  joined  by  their 
edges.  From  the  lacu  na?  many 
ff^/fc#''  ''-'iA  -'^V^^  extremely  fine  branching  ca- 
»V§iv  '/  ?^^'*i"^iJ  "^'^'  ^*^^"  ranuUntli,  nuliate 
v//M/ff*  ^^  fi\^S^S  '*"*^  |>enetrate  the  bony  la- 
all  directions.  The 
rmost  canaliculi  of  each 
ystem  open  into  the  central 
Haversian  canal;  and  those  of 
various  lacunae  intercommii- 
nicating,  these  fine  tubes  form  a  set  of  past:igcs  through 
which  liquid  which  has  transuded  from  the  blood-vessels 
in  the  n;ivcr.'=ian  canals  can  ooxe  all  throu;rh  tlie  boue. 
The  lucuuiy  and  caualiculi  are  well  seen  iu  Fig.  30. 

In  the  living  bone  a  granular  nucleated  cell  lies  la  each 
lacuna.  These  cells,  or  hone  corpnsrlfs,  are  the  remnant.(i 
of  those  which  built  up  the  bone,  the  hard  parts  nf  the  lat- 
ter being  really  an  inlc-rcellular  snbstnncc  or  skeleton 
formed  around  and  by  these  cells,  much  in  the  same  way 
as  a  (.salcarcous  skeleton  is  forme<l  around  each  Foraminifer 
(see  Zoology)  by  tlie  activity  of  its  protopksni.  By  the 
co-operation  of  all  the  bone  corpusclesf,  aud  the  union  of 
their  skeletons,  the  whole  bone  is  built  up. 
In  other  bones  wc  find  the  same  general  arraTigement  of 
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the  porta,  an  outer  dense  layer  and  an  inner  spongy  por- 
tion. In  the  flat  and  irregular  hones  there  is  no  medullary 
cavity,  and  the  whole  centre  ia  tilled  up  with  cancellated 
tiHfluc  with  red  marrow  in  it«  spaces.  For  example,  in 
the  thin  bones  roofing  in  the  gkull  we  find  an  outer 
and  inner  hard  layer  of  compact  bone  known  ae  the  outfir 
and  inner  (abUa  rejij>ectively,  the  inner  eaipecially  being  very 
donsB.  Between  the  two  tables  lies  the  spongy  hone, 
red  in  color  to  the  naked  eye  from  the  marrow  witiiin  it, 
and  culled  the  diplm.  The  interior  of  the  vertebra*  also  18 
entirely  occupied  by  spongy  l>one.  Everywhere,  except 
where  a  bone  joins  some  other  part  of  the  skeleton,  it  is 
covered  with  the  perioRteum 

Chemical  Conxposition  of  Bone.  Apart  from  the  l>one 
corpu-iderf  and  the  soft  contenttJ  of  the  Haversian  canals 
and  of  the  apaces  of  the  cancellated  bone,  the  bony  sub- 
stance proper,  a?  found  in  the  lamellie,  ia  composed  of 
earthy  and  organic  portions  intimately  combined,  so  that 
the  smallest  diatinguighable  portion  of  bone  contains  both. 
The  earthy  matters  form  about  two  thirds  of  the  total 
weight  of  a  dried  hone,  and  may  be  removed  by  soaking 
the  bone  in  dilute  hydrochloric  acid.  The  organic  portion 
left  after  this  trcatmeut  constitutes  a  flexible  mass,  retain- 
ing perfectly  the  form  of  the  original  bone.  By  long  boil- 
ing, especially  under  pressure  at  a  higher  tem{)erature 
than  that  at  which  water  boils  when  exposed  freely  to  the 
air,  the  organic  portion  of  the  bone  is  nearly  entirely  con- 
verted into  gelatine  which  dissolves  in  the  hot  water.  Much 
of  the  gelatine  of  commerce  is  prepared  in  this  manner  by 
boiling  the  bones  of  slaughtered  Muinials,  and  even  well- 
picked  bones  may  be  used  to  form  a  good  thick  soup  if 
boiled  under  pressure  in  a  Papin's  digester;  much  nutri- 
tious matter  beiTig,  in  the  common  modes  of  domcatio 
cooking,  tiirown  away  in  the  bones. 

The  earthy  sulta  of  bone  may  l>e  obtained  free  from  or- 
ganic matter  by  calcining  a  boue  in  a  clear  tire,  which  burns 
away  the  organic  matter.  The  residue  forms  a  white  very 
brittle  mass,  retaining  perfectly  the  shape  and  struetnnil 
details  of  the  original  bone.     It  consists  mainly  of  normul 
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calcium  phosphuU?,  or  bom  earth  (Ch»,  2PO4);  but  thero  h 
also  preneut  a  considerable  ]u*oi>urlinii  of  culcium  eurbonatc 
(CaCOx)  and  t^rnalliM'  i|janlitie8  of  otiicr  kuIu. 

Hygiene  of  the  Bony  Skeleton.  In  oirlylifo  thelmnca 
ai'o  less  rigid,  from  the  fact  that  the  earthy  matters  then 
present  in  them  bear  a  lef*s  proportion  io  the  nofter  organic 
parts,  llonce  the  bones  of  an  aged  person  are  more  brittle 
and  easily  broken  than  those  (»r  a  child.  The  bones  of  a 
young  child  uto  in  fact  tolerubly  tloxible  and  will  !>&  dis- 
torted by  any  continued  strain;  tlierefore  children  ;?hould 
never  J>e  kept  sitting  for  hours,  In  school  or  elsewhere,  on  a 
beach  which  i«  H)  high  that  the  feet  are  not  supported.  If 
this  be  insiHled  ujiou  (for  no  cliild  will  continue  it  volunta- 
rily) the  thigh-bouuH  will  ulniosi  certainly  bo  bent  over  the 
edge  of  the  seat  by  the  weight  of  tlie  leg?  imd  feet,  and  n 
(>ermanent  distortion  miiy  be  jtroduced.  For  the  .same 
reason  it  is  inij>ortant  that  a  ehild  be  made  to  sit  straight  in 
writiug.  to  avoid  the  risk  of  producing  a  lateral  curvature 
of  the  spinal  column.  The  facility  with  M*hich  the  bones 
may  be  moulded  by  prolonged  pressure  in  early  life  is  well 
seen  in  the  distortion  of  the  feet  of  Chinese  ladies,  pro- 
duced by  keeping  them  it»  tight  shoes;  and  in  the  extraor- 
dinary- forms  which  t>ome  nices  of  man  ]u*aduce  in  their 
skullri.  by  tying  ijoards  ou  the  heudt;  of  the  children. 

Throughout  the  whole  uf  life,  moreover,  the  bones  re- 
main among  the  most  easily  niodilied  |»arts  of  the  Body; 
although  judging  from  the  fact  that  dead  bones  arc  the 
most  permanent  parts  of  fossil  animals  we  might  bo  in- 
clined to  think  othci'wisc.  The  living  bone,  however,  is 
const^mlly  undergoing  changes  under  the  influence  of  llic 
]»rotojil;utmie  cells  inibedded  in  it.  and  in  the  living  Body  is 
iwiietiintly  being  absorbed  and  reconstructed.  The  exi»e- 
rience  of  physicians  shows  that  any  continued  pressure, 
such  ujs  that  of  a  tumor,  will  cause  the  nbsurption  and  dis- 
api>earauce  of  bone  almost  quicker  tliuu  that  of  any  other 
tissue;  and  the  same  is  tme  of  any  other  continued  pres- 
sure. More4»ver.  during  life  the  bones  are  eminently  plas- 
tic; under  abnormal  pressures  they  are  found  to  ijuickly 
Ufi^umc  ubnormul  shapes,  being  absorbed  uud  disa)ri>canDg 
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at  piMutfl  where  tlio  prce*sure  in  must  |tuwerful,  and  incrcaB- 
ing  ut  other  puiut^;  tight  hu>ing  may  in  thi.s  way  produce  u 
permanent  distortion  of  the  ribg. 

When  u  Ixtnc  in  fnictured  u  purgeim  should  ]»o  called  in 
as  soon  a;*  |K>.<<»tible,  for  once  inthinimulion  has  been  niit  \\\i 
and  the  ]uiri8  linve  l>ccome  swollen  it  u  much  more  diffi- 
cult to  place  the  hntkeu  ends  of  tiie  bone  together  in  their 
proper  position  than  l)efore  this  ha«  oecurred.  Once  the 
bones  are  replaced  they  must  be  held  in  ]>oftitian  by  splinta 
or  liaudttges,  or  the  muscles  attached  to  them  will  soon  di»i- 
place  them  again.  With  rext,  in  young  and  healthy  per- 
son* complete  union  will  commonly  occur  in  three  or  four 
weeks:  hut  in  old  iwrson^  the  pi*ouess  of  unre  is  slower  and 
IH  apt  to  he  imperfect. 

ArtioiilationB.  The  bonen  of  the  akoleton  are  joined  to- 
gether in  very  varions  ways;  sometimes  so  ai<  to  admit  of  n^i 
movement  at  all  between  them:  in  other  cases  so  as  to  )>er- 
mit  only  a  limite*!  range  or  variety  of  movement;  and  else- 
where so  as  to  allow  of  very  free  movement  in  miuiy  direc- 
tions.    All  kinds  of  unions  l>ctweeu  bonen  are  called  a/'/^'M- 

Of  articulations  pernultiuf::  no  movenicntfli,  tho^e  which 
unite  the  majority  of  the  cranial  bt>nes  atford  a  good  exam- 
pto.  Eicept  the  tower  jaw,  and  ooi*tain  tiny  bones  in&ide  the 
temporal  hone  belonging  to  the  organ  of  hcjiring,  all 
the  skuli-boncH  ari*  immovably  joined  together.  This  union 
in  mm\  casos  occurs  by  means  of  toothed  edges  which 
fit  into  one  another  and  form  jagged  lines  of  nniou  known 
tMiulures.  Some  of  these  cam  be  well  seen  in  Fig.^li*  between 
the  frontal  and  parietal  hones  {rnrnnaf  jfufurr)  and  between 
the  parietal  and  occipital  bones  {UimMoiriaf  fiufurf*);  while 
another  lies  along  the  middle  line  in  the  top  of  the  crown 
Iwtween  the  two  parietal  bonefi,  and  is  known  as  the  satfi/* 
itti  suture.  In  new-born  children  where  the  sagittal  meets 
the  coronal  and  lambdoidal  sutures  there  arc  large  spucea 
not  yet  covered  in  by  the  uoighboring  bones,  which  snljse- 
quently  extend  over  them.  Those  o]>cnings  are  known  as 
foiitftHelh'tt.  At  them  a  pulsation  can  t>ften  l>o  felt  syn- 
chronous with  ciich  lx*at  of  the  heart,  which,  driving  more 
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blood  into  the  brain,  distends  it  and  causes  it  to  pnsh  oat 
the  skin  where  bono  is  absent.  Another  good  example 
of  an  art iculatiou  admitting  of  no  movement,  is  that  between 
the  rough  snrfaeea  on  the  eldea  of  the  sacrum  and  the  in- 
uominate  bones. 

Wc  lind  good  examples  of  the  second  class  of  articula- 
tions— those  admitting  of  a  slight  amount  of  movemont — 
in  the  vertebral  column.  Between  every  pair  of  vertebrae 
from  the  second  cervical  to  the  sacrum  is  an  elastic  pad, 
the  iutervfrtfbral  dM^  which  adheres  by  its  eurfaces  to  the 
bodies  of  the  vertebne  between  which  it  lies,  and  only  per- 
mits so  much  movement  between  them  as  can  be  brought 
about  by  its  own  compression  or  stretching.  When  the 
back-bone  is  cuned  to  the  right,  for  instance,  each  of  the 
intervertebnil  disks  is  compressed  on  its  right  side  and 
stretched  a  little  on  its  left,  and  thirt  combination  of  move- 
ments, each  individually  but  slight,  gives  considerable 
flexibility  to  the  spinal  column  as  a  whole. 

Jointa.  Articulations  permitting  of  movement  by  the 
gliding  of  one  bone  over  another,  are  known  as  joints  and 
all  have  the  same  fundamental!  structure,  although  the 
amount  of  movement  permitted  in  different  joints  is  very 
different. 

Hip-Joint.  ^Ve  may  take  this  as  a  good  example  of  a 
true  joint  permitting  a  great  amount  and  variety  of  move- 
ment. On  the  08  innominatum  is  the  cavity  of  the  a^^eia- 
buhtm  (Fig.  40),  which  is  lined  inside  by  a  thin  layer  of 
ariiruUtr  atrtikige  which  has  an  extremely  smooth  surface. 
The  bony  cup  is  also  deepened  a  little  by  a  cartilaginous 
rim.  The  proximal  end  of  the  femur  consists  of  a  nearly 
spherical  smooth  head,  borne  on  a  somewhat  narrower  necky 
and  fitting  into  the  acetabulum.  This  head  also  is  covered 
with  articular  cartilage;  and  it  rolls  in  the  acetabulum  like 
a  ball  in  a  socket.  To  keep  the  bones  together  and  limit 
the  amount  of  movement,  ligaments  pass  from  one  to  the 
other.  These  are  composed  of  white  fibrous  connective 
tissue  (CImp.  VIII.)  and  are  extremely  pliable  but  quite 
inextensiblc  ami  very  strong  and  tough.  One  is  the  cap' 
sxdarUgnmpnt,  which  forms  a  sort  of  loose  bag  all  round 
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le  joint,  and  another  is  llie  round  Utfnmeni.  whicli  passes 
from  tlie  acetabulum  to  the  head  of  the  ft-mur.  Should 
the  latter  rotate  above  a  oertuin  extent  in  its  socket,  the 
round  ligament  and  one  side  of  the  capsular  ligament  are 
put  on  the  stretch,  and  any  furtlier  movement  which  might 
diJthrati'  the  fcmnr  (that  is  remove  the  hcud  from  its 
socket)  is  cheeked.  Covering  the  inside  of  ihe  capsular 
^l%ftment  and  the  outride  of  the  round  ligament  ie  a  layer 
of  flat  cells,  which  are  continued  in  a  modified  form  over 
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the  articular  cartilages  and  form  the  ift/norinl  metnhranp. 
This,  which  thus  forms  the  lining  of  the  joint,  is  always 
inoistened  in  health  by  a  Fmall  quantity  of  ghiiry  st/noriai 
fluids  something  like  the  white  of  a  raw  egg  in  consis- 
tency, and  playing  the  part  of  the  oil  with  which  the  con- 
tiguous moving  surfaces  of  a  inachine  arc  moistened;  it 
makes  all  run  smoothly  withvcrv  little  friction. 

In  the  natural  state  of  the  parts,  the  head  of  tho  femur 
and  the  bottom  and  sides  of  the  acetabulum  lie  in  clone 
coutacti  the  two  synovial  membranes  rubbing  together. 
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Thie  contact  is  not  maintained  by  the  IJgiuneutfi,  which  are 
loo  loose  and  servo  only  to  check  excessive  movemenl, 
but  by  the  numerous  stout  muscles  whidi  jiiiiss  from  the 
thigii  to  the  trunk  and  bind  the  two  tirmly  togetlior. 
M^ireover,  the  atmospheric  pressure  exerted  on  the  snrfnce 
of  tlie  Body  and  trausmitted  tlirough  the  ^oft  \\\%xi^  to  the 
outside  of  the  air-tight  joint  helps  al^o  to  keip  ilu'  piirLs  in 
contact,  li  all  the  muscles  and  ligament,"  around  the 
joint  be  cut  away  it  is  still  found  in  the  dead  Body  that 
the  head  of  the  fomnr  will  be  kept  in  Ms  snckef-  by  this 
presBOre.  and  so  (irmly  as  to  heiir  the  weight  of  tlio  whole 
limb  without  dislocation,  just  us  the  pressure  of  the  air 
will  enable  a  boy's  "  sucker"  to  lift  a  tolerably  heavy  stone. 

Ball-and-socket  Joints.  Such  a  joint  as  that  at  the  hip 
is  called  a  lmll-and-si»cket  joint  and  allows  of  more  free 
movement  tlnin  any  other.  Through  movements  occurring 
in  it  the  thigh  ean  be  fiexfd^  or  bent  no  that  tlie  knoe  nji- 
proaehes  the  chest;  or  fxfpnfM,  that  is  move<l  in  the  op{>o- 
sitc  direction.  It  can  be  tthtlufted,  so  that  the  knco  moves 
outwards;  and  addnrted,  or  moved  back  towards  the  other 
knee  again.  The  limb  can  also  liy  movements  at  the  hip- 
joint  be  ciiXHjndurtfid,  that  is  made  to  describe  ri  cone  of 
which  the  biise  is  at  the  font  and  the  a])rx  at  tliohiit.  Fi- 
nally roiniiun  can  occur  in  the  joint,  so  that  willi  knee  and 
foot  joints  held  rigid  the  toos  can  l>e  turned  in  or  out,  to  a 
certain  extent,  by  a  rolling  around  of  the  femur  in  its  s<»cket. 

At  the  junction  of  the  humcnis  with  tlie  scapula  is 
anoihor  ball-and-socket  joint  ]>ermitting  all  the  above 
movements  to  even  a  greater  extent.  This  greater  range 
of  motion  at  the  shoulder-joint  depends  mainly  on  the 
shallowiu^ss  tif  the  glenoid  cavity  as  comjmrcd  with  the 
acetabulum  an<l  wyon  the  absence  of  any  ligament  answer- 
ing to  tho  round  ligiunent  of  tho  hip-joint.  Another  ball- 
and-st>cket  j(tiut  exists  between  tlio  carpus  an<l  the  meta- 
carpal bone  of  tho  thnml);  and  others  with  tho  same  variety, 
but  a  mucliTcRs  range,  of  mi'vcmcnt  t»ctweeii  each  of  the 
remaining  metacarpal  bones  and  the  ]iroximal  ]»halanx  of 
the  finger  which  articulates  with  it. 

Hingo-Jointa.    Another  form  of  gynovial  joint  is  known 
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ungf-JQiuL  111  it  ilic  arliruluiiug  bom*  eurfa<^.<  ure 
»iich  tiUa^  aft  to  fKTniil  of  mov»-nK*nt,  to  a»J  fro,  iu  on* 
jilane  o\\\j,  like  a  il»x»r  i>»  it*  hinges.  The  joint.*  bctwoon 
the  phalanges  of  the  fingiTf*  »ri'  giMnl  rxiiin|>k'«  "f  hingi-- 
jointit.  If  no  movt'ment  Ix:  ullowttl  wliere  the  linger  joinn 
tbu  palm  of  the  hand  \l  will  he  found  that  each  can  be 
bent  and  straightonod  at  it^  own  two  joints,  but  m»t  moved 
in  any  other  way.  The  knee  ih  also  a  hinge-joint^  as  is  tlie 
lirtletilation  l»etwiH>n  the  lower  jaw  and  the  hai*e  of  the 
hkull  wliirh  allowa  us  to  o|»on  and  rh>se  our  mouths  Tho 
latter  i*,  however,  not  a  i»fpfect  hiugc-joint,  8ince  it  j)er- 
mitH  of  a  small  amount  of  lateral  movement  Mich  as  occurH 
in  ehewing.  and  abo  of  a  gliding  movement  by  which  the 
lower  jaw  can  l>e  thrust  forward  po  aa  to  protrude  the  chin 
and  bring  the  lower  row  of  teeth  miUide  the  uj>]>er. 

Pivot-Joints.  In  this  form  one  bone  n^taten  around  an- 
other which  remains  jft^ititmary.  We  have  a  gofxl  example 
of  it  between  the  first  and  84'C'ond  cervical  verlebne.  The 
fir?tt  eervieal  vertebra  or  «///m  (Fig.  10*)  has  a  very  small 
tK>dyand  a  very  largo  areh.  and  itn  neural  eanul  is  snlKii- 
vided  by  a  transverse  ligament  (L.  Fig.  19)  into  a  dorsad 
and  a  venti-al  |>ortion;  \\\  the  latter  the  spinal  cord  lies. 
The  second  vertebra  or //./•/«  (Fig,  20)  ha**  iirising  from  its 
body  the  stout  l>ony  peg,  />,  called  the  otiimtoid pror^M, 
This  projects  into  the  ventral  portion  of  tlu*  space  sur- 
rounded by  the  athw!,  and,  kept  in  place  there  by  the  trans- 
terse  ligament,  forms  a  pivot  around  which  the  atla.«t,  car- 
rying the  skull  with  it.  rotates  when  wo  turn  the  head 
from  Bide  to  side.  The  joints  on  each  side  between  the 
atlas  and  the  skull  are  hin^e-jfMuts  and  jHTmit  only  tho 
movements  of  nodding  and  raising  tho  iieml.  \Vh(?n  tho 
head  is  leaned  over  to  one  side,  the  cervical  part  of  tho 
spinal  column  is  bent. 

Another  kind  of  pivot-joint  is  seen  in  the  forearm.  If 
:hG  limb  be  held  r?t'*uight  out,  witli  the  palm  up  and  iho 
elbow  renting  on  the  table,  so  that  the  shonldor-joint  bo 
kept  steady  while  the  hand  is  rotjited  until  its  back  is 
tnmed  upwards,  it  will  be  found  that  the  radiuc  has  i)artly 
rolled   round  the  nlna.     "Wlien  the  palm  is  upwards  and 
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flip  thuml)  outw4irds,  the  lower  end  of  the  radius  c:in  bo 
felt  on  thp  ontor  side  of  tlio  forcnrni  just  uImjvo  tlie  wrist, 
und  if  liiis  l>o  dune  while  the  hand  is  tiinioii  nvor,  it  will 
he  cjisily  discerned  Unit  during  the  movement  this  end  of 
the  radius,  carrying  the  bund  with  it,  trnvi'Is  around  the 
lower  end  of  the  ulna  so  as  to  get  to  its  inner  side.  Tlie 
rohitive  jmsitioa  of  the  bones  when  the  palm  is  upwards 
is  shown  at  A  in  Fig.  41,  and  when  the  palm  is  down  at 
B.  Tlie  former  position  is  known  as  supinuHon;  the  lat- 
ter as  pronation.  The  elbow 
end  of  the  humerus  (Kig.  36*) 
beara  a  large  articulur  surface: 
on  the  inner  two  tliirds  of  this, 
TV,  the  ulna  fits,  and  the  ridges 
and  grooves  of  both  bimes  inter- 
locking form  a  hinge-joint,  al- 
lowing only  of  bending  or 
straightening  the  fore4irm  on 
the  arm.  The  nwJius  fits  on 
the  rounded  outer  third.  Cpl^ 
and  forms  thereabidl-atid-soeket 
joint  at  which  the  movement 
takes  place  wlicn  the  Imnd  is 
turned  from  the  sui)ine  to  the 
prone  position;  the  ulna  forming 
a  fixed  bar  around  which  thij 
lower  enil  nf  therudius  is  moved. 
Gliding  Joints.  These  per- 
mit us  a  rule  but  IJale  move- 
ment: cxnm]>le3  are  found  be- 
tween the  clofiely  packed  bones  of  the  tarf^us  (Kig.  35+)  and 
carpus,  ivhich  slide  a  little  over  one  another  when  subjected 
to  prcftpure. 

Hygiene  of  the  Joints.  When  a  bone  is  displaced  or 
dislocated  the  ligaments  around  the  joint  are  more  or  less 
torn  and  other  soft  parts  injured.  This  soon  leads  to  in- 
flammation and  swelling  "which  make  not  only  the  recogTii- 
tion  of  the  injury  but,  after  diagnosis,  the  reidaceraent 
of  the  bone,  or  the  reduction  of  the  didocation,  difficult. 


Fio.  41.~A,  arm  In  snpiiuUkm; 
B.  arm  In  pranAiion;  H,  faumGnu; 
Bf  imdltu;  t\  uluA. 
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Moreover  the  uinacles  attached  to  it  constantly  pull  on  the 
ilisplaced  booeand  drug  it  still  farther  out  of  place;  so  that 
it  is  of  great  importance  that  a  dislocation  l>e  reduced  as 
soon  as  possible.  In  most  cases  this  can  only  Ijc  attempted 
with  safety  by  one  who  knows  the  form  of  the  bones,  and 
possesses  sufficient  anatomical  knowledge  to  recognize  the 
direction  of  the  displacement.  Ko  injury  to  a  joint  should 
be  neglected.  Inflammation  once  started  there  is  often  ilifK- 
calt  to  check  and  mns  on,  in  a  chronic  way.  until  the  syno- 
vial surfaces  are  destroyed,  and  the  two  bones  iH'rhn|)s 
grow  together,  rendering  the  joint  permanently  stiff.  A 
sprained  joint  should  get  immediate  and  complete  rest,  for 
weeks  if  necessary,  and  if  there  be  much  swelling,  or  con- 
tinued pain,  medical  advice  should  be  obtained.  An  im- 
properly cared-for  sprain  is  the  cause  of  many  a  useless 
ankle  or  knee. 
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Temporary  and  Formanent  Cartilagos.  In  early  life 
a  great  many  parts  of  the  supporting  framework  of  the 
Body,  which  afterwards  become  boue,  consist  of  cartilage. 
Such  for  example  in  the  ca£e  with  all  the  vertebrae,  and 
with  the  bones  of  tho  limbs.  In  these  cartilages  subse- 
)|noiitly  the  process  known  as  ossifirofion  tsikes  place,  by 
wliirh  a  great  portion  of  tlic  original  e4irtilaginonH  model  is 
removed  and  replaced  by  true  osseous  tissue.  Often,  how- 
ever, some  of  the  primitive  cartilage  is  left  throughout  the 
whole  of  life  at  the  ends  of  tho  bones  in  joints  where  it 
forms  tho  articular  cartilagos;  and  in  various  other  places 
still  larger  masses  remain,  such  as  the  costal  cartilages, 
those  in  the  external  cars  forming  their  frameworkj  others 
finishing  the  skeleton  of  tho  nose  wbith  is  only  incom- 
pletely bony,  and  many  in  internal  parts  of  the  l^uily,  an  the 
cartilage  of  "  Adam's  ajiple,"  whicli  can  be  felt  in  the  front 
of  the  neck,  and  a  number  of  rings  around  the  windpipe 
serving  to  keep  it  open.  These  persistent  masses  are  known 
as  the  pennnnetif,  tho  others  as  tho  ievtporary  rarfilageft. 
In  old  ago  many  so-called  permanent  cartilages  become 
calcified — that  is,  hardened  and  made  unyielding  by  deposits 
of  limo  salts  in  them — without  assuming  the  histological 
character  of  bone,  and  this  calcificution  of  the  permanent 
cartilages  is  one  chief  cause  of  tlie  want  of  pliability  and 
supjdenesa  of  the  frame  in  advanced  life. 

Hyaline  Cartilage.  In  it«  purcfft  form  cartilage  is  flexi- 
}»le  and  elastic,  of  a  jmlc  bluish-while  color  when  alive  and 
seen  in  largo  masses,  and  cuts  rea^lily  with  u  knife.  In  thin 
pieces  it  is  ipnte  transpan»nt.     Everywhere  exccj»t  in  the 
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it  la  inveited  bj  a  toBgli  adhcrant  metahnmt,  the 
tinum,  which  resembles  Id  stroctare  aad  fanction 

the  iieriosteum  of  the  bonM.  Wheu  boiled  for  a  long  time 
in  water  each  cartilages  vield  a  mlution  of  cAondrtHy  which 
differs  from  gelatin  in  minor  |ioinu  but  agrees  with  it  in 
the  fact  that  its  hot  vaterj  eolations  "  set"  or  gelatinize  on 
cooling.  When  a  thin  dice  of  hyaline  cartilage  is  examined 
with  a  micro6cope  it  is  fonnd  (Fig.  4^)  to  consist  of  gran- 
nlar  nucleated  cells,  often  collected  into  groapa  of  two, 
fonr,  or  more,  scattered  through  a  homogeneous  or  faintly 
granular  ground  suXtt^lmioe or  mittrtj:  Esi^eutiully.  cartilage 
resembles  bone,  being  made  up  of  protoplasmic  celU  and  a 
proportionately  large  amount  of  non-protoplasmic  intereel- 
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lular  substance,  the  cells  being  the  more  actively  living 
part  and  the  matrix  their  product.  Examples  of  thin  hya- 
line variety  (so  called  from  itti  glasHv  traiitifMirent  a|ipo»ir- 
ance)  are  found  in  all  tlir  temporary  cartiliigcH,  and  in  the 
costal  and  articular  among  the  permanent. 

They  rarely  contain  blood -vosfiels  except  at  those  points 
where  a  temporary  cartilage  is  being  removed  and  replaced 
by  bone;  then  blood-vesselB  run  in  fmm  the  poriohontlrium 
and  form  loops  in  the  matrix,  around  which  it  i;?  absorbed 
and  bony  tisane  deposited.  In  consequence  of  the  usual 
absence  of  blmxl-vesKcls  the  nutritive  processes  and  ex- 
v*bang6s  of  material  muBt  be  small  and  slow  in  cartilage,  as 


102 


TBE  nCMAX  nODT. 


might  imlct'd  bo  cxixvtt'il  from  tLo  jius^ivo  ami  merely 
mechiiniLnil  r6Ic  niiifli  Ihis  tissue  plays. 

Hynlino  rurtilage  ia'  tlio  Ivpe,  or  mnsfc  rlianiotcriHtically 
dcv('lo|KHl  f<fnn,  of  a  tissue  fiminl  witli  nnHiifirations  else- 
where in  tlic  Body-  One  of  it^  other  modifications  is  the 
8o-«dlcd  cdluhtr  atrhhufr^  which  consists  of  the  cells  with 
hanlly  any  matrix,  only  just  enough  to  form  a  thin  capsule 
around  cacli.  Tliis  form  is  tliiit  witli  whidi  all  the  ciir- 
tihiges  commence,  the  liyaline  variety  licing  huilt  up  by  the 
increase  of  the  cell  cajisuled  and  their  fusion  to  form  the 
matrix.  It  persists  throughout  life  in  the  thin  cartilaginous 
jilate  of  a  mousc'n  external  ear.  Other  varieties  of  cartilage 
are  reiiUy  mixtures  of  true  cartilage  and  connective  tissues, 
and  \vill  be  vonhidered  after  the  hitter, 

Tho  Connective  Tibsuob.  These  complete  the  skeleton, 
marked  out  in  it:*  coarser  features  by  the  bones  and  car- 
tilages, aud  constitute  the  fiiml  group  of  the  siippurting 
tissucB.  They  occur  in  all  forms  from  broad  nienibranea 
and  stout  cords  to  the  finest  tlireads,  forming  networks 
around  the  oilier  ultituate  histological  elements  of  varioiia 
organs.  In  addition  to  sulisidiary  forms,  three  main  varie- 
ties of  this  tissue  aro  readily  distinguishable,  viz.,  areolar, 
whitf fihroHS,  and  yellow  ehwfir.  Each  consistii  of  fibres 
and  cells,  the  fibres  being  of  two  kinds,  mixed  in  nearly 
c<iual  proportions  in  the  are(»lar  variety,  wliile  one  kind 
prcdomiruites  in  one  and  another  in  the  second  of  the  re- 
maining <'liief  forms. 

Areolar  Connective  Tissue.  This  exists  abundantly  be- 
neath the  skin,  where  il  forms  a  loose  flocculent  layer, 
somewhat  like  raw  cotton  in  a]>pearance  but  not  so  white. 
It  is  on  account  of  its  loose  texture  that  the  skin  can  evei*}'- 
where  be  moved,  more  or  less,  to  and  fro  over  the  subja- 
cent purt.s  to  whiiMi  it  is  united  by  this  tissue.  Arcndar 
tist>ue  consists  of  inninuerublc  bands  aud  cords  inlerlacin*' 
inall  dircctii>us,  andean  be  greatly  distended  by  blowing  air 
in  at  any  point,  from  whence  it  travels  widely  through  the 
iutcrcommunieating  meshes.  In  dropsy  at  the  legs  or  feet 
the  cavities  of  this  tissue  are  distended  witli  lymph.  From 
beneath  the  t-kin  the  areolar  tiseue  extends  ull  through  the 
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tj  between  the  ma»cl««  and  around  the  Mood-Tceeek  and 
nerves;  and  dtill  tinor  lavon  of  it  enter  iutu  tlieec  and  other 
orgauA  and  nuite  their  various  jmrt**  together.  It  consli- 
tnte^  in  fuct  a  «i.»ft  [mL-kiug  muterhd  tthkh  lUlts  up  the 
holecs  and  corners  uf  the  Bodj*  as  fur  in^Uinceurouud  the 
!>Ii>«d-vc.<iels  and  Iwtween  the  muscU*i«  in  Fig.  4. 

Microscopic  Structvire  of  Areolar  Tissue.  When  exum- 
int-d  with  the  microscope  ari'tljir  tissue  i.s  j?cen  to  couftiat  of 
nucleated  cclla  imbedded  in  it  ground  euhstance  which  w 
permeated  by  fibres.  The  fihreti  everywhere  form  t)ie  pre- 
dominant feature  of  the  tisi^uo  (the  homogeneous  miurix 
iind  the  cell*  being  inconspicuous)  and  are  of  two  very  dif- 
ferent kinds.  In  a  strict  sense  indce<l  the  areolar  tissue 
ought  to  be  con!>idcred  aa  a  mixture  of  two  ti!^t:neB.  one 
corresponding  to  each  variety  of  fibres  in  it.  It  is  chiirtto- 
tenzed  as  a  distinct  individual  by  its  loose  texture  uiid  by 
the  fact  that  tlie  two  forms  of  fibres  are  prewnt  in  toleni- 
bly  eqnal  (.]nautitioe.  In  many  placofl  a  ti.ssnc  containing 
the  same  liistologi(^l  elements  as  the  areolar  tissue  is  found 
in  the  form  of  dense  menibrunes,  asforexiunple  periosteum 
and  ]>ericliondriuni. 

White  Fibrous  Tissue.  One  of  tbo  varieties  of  fibres 
pervading  the  matrix  of  areolar  tissue  exists  almost  un- 
mixed with  the  other  kind  in  the  cords  or  (nirh/ts  whidi 
unite  muHi:le8  to  the  bones.  This  form,  known  iw  tht^  w/n'ftf 
fibrous  conne€fiv9  lissue,  also  exists  fairly  pure  in  tho 
hgaments  around  most  joints.  Physically  it  is  very  flexi- 
ble but  extremely  tougli  and  inexleu«ible,  so  that  it  will 
readily  bend  in  any  direction  but  is  very  hard  to  break; 
when  fresh  it  has  an  opiKjnc  while  color. 

White  tibrous  tissue  (Fig.  4.3)  consista  of  a  matrix,  con- 
taining c^ivities  in  which  cells  lie  and  pervaded  by  bundles 
of  extremely  fine  fibres.  These  fibres  lio  in  each  bundle 
tolerably  parallel  to  one  another  in  a  wavy  course  (Fig.  43) 
and  never  branch  or  unite.  Their  diameter  varies  from 
0.000")  to  0.001  millimeter  (j-^J^o  to  ^bJoo  ^^  ""  inch). 

Chemically  thi^  tiH.<ue  is  cbaractcrized  by  the  fact  that 
its  fibres  swell  up  and  Ijccome  indistiTigiiishable  when 
t'isated  with  dilute  acetic  jvcid,  and  by  the  fact  that  it 
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yields  gelatin  when  boiled  in  wat-er.  The  substance  in  it, 
and  in  the  bones,  which  is  turned  into  gelatin  by  such 
treatment  is  known  as  collmjen.  Cilue  is  impure  gelatin 
obtained  from  tendons  and  ligaments,  and  calfs-foot 
jelly,  so  often  recommended  to  invalids,  is  a  purer  form  of 
the  same  substance  obtained  by  boiling  the  feet  of  calves, 
which  contain  the  teudons  of  many  masoles  passing  from 
the  leg  to  the  foot. 


Fro.  43.  Fio.  4aa. 

Fio.  43.  -Wlilt«  flbrous  eonnpcUvo  tlwnj«,  highly  magntfled.  Thfl  nucIeatcKl 
ci>rpiiM-leit,  Re«n  nlKfwliie  and  appearing  spluilte -shaped,  arc  aeen  here  aiid 
tli«*rt<  on  the  surface  of  the  bundles  of  Abres. 

Fio.  43a.— Yellow  elastic  tbtsue,  maKnlfled  after  Ws  fibres  have  been  torn 
apart. 

Elastic  Tissue.  This  is  almost  invariubly  mixed  in  some 
pro|>ortion  in  all  specimens  of  wliito  fibrous  tissue,  even 
the  purest,  such  as  tiie  tendons  of  muscles;  but  in  certain 
places  it  exists  almost  alone,  as  for  exuniple  iu  the  liga- 
ments (ligmnenfa  ^uhjUtra)  l)etweeu  the  arches  of  the 
verlebrfe,  and  in  the  coats  of  the  larger  arteries.  In  ijuad- 
rupeds  it  forms  the  great  ligament  already  referred  to  (p. 
84),   which  helps  to  sustain  the  head.      This  tissue,  in 
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mnss^  is  of  n  dull  yellow  rolrtr  and  extremely  extensible  und 
ela^itic;  when  purest  nearly  ad  tniicii  so  an  a  ]iieoo  of  indiu- 
rubbcr.  Sometimes  it  appears  xnulcr  the  microscope  to  be 
niadti  up  of  deliaitc  membranes,  but  most  often  it  \a  in  the 
form  of  fibres  (Fig,  43cf)  which  are  coarser  than  thoeo  of 
white  fibrous  tissue  and  fre<juently  branch  and  unite.  Il 
is  unaffected  by  acetic  acid  and  does  not  yield  gelatin  whea 
boiled. 

Ooxmective-Tissue  Corpuscles.  TIio  fibres  of  white  fi- 
brous ti:sfcue,  wherever  it  in  found,  are  united  into  bundleH 
by s structureless  ground  material  known  Visi\xGcrment  Bub- 
xinnc^,  which  also  iuvcttid  e4ich  bundle,  or  skein  as  we  may 
call  it,  with  a  dclicat«  coating.  In  this  ground  sub- 
stance are  numerous  cavities,  branched  and  flattened  in 
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diameter,  and  oft«n  intercommnnicating  by  their 
branches.  In  these  cavitie.s  lie  nucleated  mai^ses  of  proto- 
plaiim  (Fig,  44),  fre<iuently  also  bmnche*!,  known  aii  the 
connective-tissue  corpuscles.  These  it  is  M'hich  build  up 
the  tissue,  cacli  cell  in  the  course  of  deyelopraent  forming 
around  it  a  quantity  of  intercellular  substance,  which  sub- 
sef|uently  becomes  fibrilluted  in  great  part,  the  remainder 
forming  the  cement.  The  celln  d"  not  quite  fill  the  cavi- 
ties in  which  they  lie,  and  these  opening  into  others  by 
their  offcsets  there  is  formed  a  set  of  minute  tubes  ramify- 
ing through  the  connective  tissues ;  and  (since  these  in 
turn  pemieato  nearly  all  the  Body)  pervading  all  the  organs. 
In  those  cell  cavities  and  their  branches  the  lymph  flows 
before  it  enters  definite  lymphatic  vessels,  and  they  arc  ac- 
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cordiiigly  km^wn  oa  lymph  catutUrtiU,  In  addition  to  tlie 
fixed  bninohcilconiKM'tivo-lisKne  corimiscloslviiijr  ii»  thr  cuvi- 
tiea  of  iho  groiiiij  s\ibstuii<:*e  tlitro  arc  *»ftcii  found  other 
Cecils,  when  living  ronncrtivc  tissue  iaexuminrd  by  tlic  micro- 
t!Copc,  Those  Cflls  niui-li  resoluble  wliite  bUiud  cor|mscles, 
and  probably  arc  .<nch  whidi  have  boird  thrnngli  the  wslls 
of  the  finer  bl«K>d-vessels.  They  c-roop  jibnuL  iiluiig  the 
euualiculi  by  means  of  their  fiieulty  of  umn-boid  iiiovL-UK'nt, 
tuid  are  known  as  the  *' wandering  cells.''  During  in- 
flumniatiou  at  any  point  tlieir  number  in  that  region  ia 
greatly  increased. 

Subaidiary  Varieties  of  Connoctive  Tissue.  In  various 
parts  of  the  Body  arc  eonncetivc-tissiie  structures  wliich 
have  not  undergone  the  typiciil  development,  but  have  de- 
parted from  it  in  one  way  or  another.  The  cells  having 
formed  a  non-tibri Hated  intercellular  eubstance  around 
them,  develojnnent  may  go  no  furl  her  and  the  mass  remain 
I>ermanently  as  the  jelh/-h'i-v  connt'ciive  tittnur;  or,  as  in 
the  vitreous  humor  of  the  eye  (C'liap.  XWL).  the  cells 
having  fnrnied  the  soft  matrix,  may  disapjx^nr  and  leave  tho 
latter  only.  In  other  cases  the  iutcrcdlulur  substance 
disappears  and  the  cells  branching,  and  joining  by  the  ends 
of  their  brunches,  form  a  network  themselves,  nucleated  or 
not  at  the  pointJii  answering  to  tlie  centre  of  each  originally 
separate  cell.  This  adenoid  or  reliform  ronnedive  ttmitfie 
is  found  widely  distributed  in  the  Body  in  connection 
with  the  lymphatic  system,  and  forming  a  supporting 
fnimcwork  for  the  proper  nervous  elements  in  the  brain 
and  spimd  coriL  In  other  cai^es  the  cells  alnu^-it  aluue  con- 
stitute the  tissue,  becoming  flattened,  closely  fitted  at  their 
edges,  and  united  by  a  very  small  amount  of  cement  sub- 
stance, ileniliranes  formed  in  this  way  lie  beneath  layers 
of  epitlielium  in  many  pbicps  and  ni*c  known  a><  hasnnntt 
membratteft,  and  the  flattened celk  which  line  joint.s  and  tho 
gerous  cavities  seem  really  to  bo  closely  apposed  flattened 
connective-tissue  <ori>usclt's. 

Eloatio  Cartilage,  and  Pibro-Cartilage.  ^Ve  may  now 
return  to  cartilages  and  consider  those  forms  which  are 
made  up  of  more  or  less  true  cartilage  mixed  with  more  or 
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less  oonnectrro  ttwwi  of  one  kiud  or  another.  The  carti- 
lages of  thi*ear  and  nose  Aiui  some  others  have  their  matrix 
pemHlcd  '  tibrt*^  of  velluw  t*UL?tic  tissue. 

which  fonii  i  thr  groujifi  rif  cartilage  tfllK, 

Snch  cftrtU«gc»  are  plitUtle  uud  tdugh  iiud  |^K>8»<i^  ul^o  con- 
cidernhle  iixT4*nfiibility  and  elu^ticity.  Thi'V  arc  known  u« 
tlasiir  or.  from  their  color,  na  ydiow  curtittMyes.  El>!t'whtnx% 
lly  in  the  cartihigcK  which  lie  bi'lwecu  the  Uincfi  in 
joints,  we  find  forms  which  huvc  the  matrix  jKrvaded 
\ff  white  fibrotu  tissue  and  known  a£  fibro-cartHmjes.  For 
entnplo  the  articalar  cartihtgo  on  the  end  of  the  lower  jaw 


TSa  C*  —fVtctlon  through  the  Joint  of  the  Iowrt  jAvr  itluiwinic  lu  lntf>rartic*itl*f 
n>ir<v*tAnilAic«i,  r,  wHh  the  RynovbU  carlty  on  ««cb  Hfrle  of  \t. 

dfws  not  come  into  direct  contact  with  that  covering  its  ttcokct 
on  the  skull,  but  lying  between  the  two  in  the  joint  (Fig.  45) 
is  an  inhrnriirulnr  fihro-rartil/ufc  :  similar  cartilages  exist 
in  the  knee-joint;  and  tlio  intervertebnil  dii^k?  are  als<i  made 
up  of  this  ti>^^ue.  Btiih  elastic  curtilage  and  libro-cartiJago 
often  phade  off  insensibly  into  |>nre  elastic  or  pure  white 
fibrous  tonnoctivo  tirJ^ine. 

Homologies  of  tho  Supporting  Tissues.  Bone,  cartilage, 
and  connective  tissue  all  agree  in  broad  tJtructural  charac- 
ters, and  in  the  uses  to  which  they  arc  applied  in  tho  Body. 
In  each  of  thorn  the  cells  which  have  bnili  up  tho  tissue, 
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witli  rare  exceptions,  form  an  inconspicuous  part  of  it  in 
its  fully  develupfd  .slalo,  the  chief  muss  of  it  consisting 
of  intercellular  ftuljstuiif^*.  In  hyuline  curtiliigcd  this  latter 
is  not  fibrillated;  Lut  theses  cartilages  pai*«  iiiijcn.sibly  in  va- 
rious i*eg!0us  (jf  the  Body  inUi  chu^tic  or  fihro-t^artilages,  and 
these  hitter  in  turn  into  olantic  or  tihrous  connective  tissue. 
The  lamella;  of  bone,  too,  when  peeled  off  a  bone  softened 
in  acid  and  examined  with  a  very  high  magnifying  power, 
are  seen  to  be  pervaded  by  tine  fibres.  Structurally.  Ihei'e- 
forc,  on*'  can  di*aw  no  hard  and  fast  lino  between  these  tis- 
fiucjj,  Tiic  same  is  true  of  theii" chemical  cumposition;  bone 
and  white  fibrous  tissue  contain  a  substauoc  (collagen) 
which  is  converted  into  gelatin  wlu^n  Itoiled  in  water;  and 
in  old  people  many  cartilagen  U't'oTUf  burdened  by  the  de- 
I>o8it  in  their  matrix  of  the  same  lime  salts  which  give  its 
hardness  to  bone.  Further,  the  developmental  history  of 
all  of  them  is  much  alike.  In  very  early  life  each  is  repre- 
sented by  cells  only  :  these  form  an  intermediale  sulj**tance, 
and  this  subsequently  may  became  CbrillaLed,  or  culcitied, 
or  both.  Finally  they  all  agree  in  manifesting  in  health  no 
great  physiological  activity,  their  u»p  in  the  Body  depend- 
ing upon  the  mechanical  properties  of  their  intercellular 
substjince. 

The  close  alliance  of  all  three  is  further  shown  by  the 
fi-equency  with  which  they  replace  one  another.  All  the 
bones  and  cartilages  of  the  adult  are  at  first  represented 
only  by  collections  of  connective  tissue.  Before  or  after 
birth  this  is  in  some  cases  substituted  by  bone  directly  (as 
in  the  case  of  the  collar-bone  and  the  bones  on  the  roof  of 
the  skull),  while  in  other  cases  cartilage  supplants  the  con- 
nective tissue,  to  be  afterwards  in  many  places  replaced  by 
bone,  while  elsewhere  it  remains  throughout  life. 

Moreover  in  different  adult  animals  we  often  iind  the 
same  part  bony  in  one,  cartilaginous  in  a  second,  and  com- 
posed of  connective  tissue  in  a  third:  i=o  that  these  tissues 
not  only  represent  one  another  at  different  stages  in  the 
life  of  the  same  animal  but  permanently  throughout  the 
whole  lile  of  diflerent  animals.     Low  in  the  animal  scale 
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Wtt  fiad  them  all  represented  merely  br  cells  with  stroo- 
tnrelew  interoellalar  sub^tttiicio:  u  little  tiiglier  in  the  smle 
tho  latter  becomeji  lihnlUUHl  uud  foriit^  dLtCiuet  c-tmiiective 
tisfiue.  In  the  higbesL  MoUaska  {&^c  Zoology),  a^  tlu* cuttle- 
tishetf,  this  ia  purtly  rrplttord  by  lairlilagc,  and  ilir  wimo 
i&  true  of  the  l(iw<\>it  tuheti;  while  in  sume  other  lishee  and 
the  remaining  Vertobr»te«»  wc  tind  more  (»r  Icfls  bono  ayv- 
pGAfing  in  place  of  the  original  conn4>clive  tiMuo  or  carti- 
hige. 

From  tho  sitnJlarity  of  their  modes  of  development  and 
fandumental  ptmcture,  tho  transitional  forms  which  exist 
between  them,  and  tho  fre*juency  with  which  Uiey  rei>Iwe 
one  another,  hintoloj^ists  chus  all  three  (bone,  cartilage,  and 
connective  ti^wui')  together  a8  hornoktgoH^  tissuss  und  re- 
gard thorn  OB  diitercntiutians  of  the  same  original  struc- 
ture. 

Hygienic  Bemarks.  Since  in  the  new-born  infant  many 
partif  which  will  nltimatcly  beconif  bone,  consiKt  only  of  car- 
tiLigo,  the  young  child  requires  food  which  shall  contain  a 
large  proportion  of  the  hmo  salt*  which  are  usied  in  building 
up  bone.  Nature  provided  this  in  the  milk,  which  in  rich  in 
8uch  salts  (see  Chap.  X\. ),  and  no  other  food  can  thoroughly 
replace  it.  If  the  mother's  health  be  Buch  a«  to  render  it 
unwiee  for  her  to  nurse  her  infant,  the  be«t  substitute, 
ii})art  from  a  wet-nurse,  will  be  cow^s  milk  diluted  with  one 
fourth  itjs  volunio  of  water.  Arrowroot,  corn-flour,  and 
other  starchy  foods  will  not  do  alone,  since  they  are  all  defi- 
cient in  the  required  aalts,  and  many  infants  though  given 
food  abundant  in  quantity  are  really  starved,  since  their  food 
does  not  contain  the  substances  requisite  for  their  healthy 
development. 

At  birth  even  those  bones  of  a  child  which  are  most  ossi- 
fied are  often  not  continuous  masses  of  nssoous  tiseue.  In 
the  humerus  for  example  the  shaft  of  the  bone  is  well 
ossified  and  so  is  each  end,  but  between  the  shafts  and  each 
of  the  articular  extremities  there  still  remains  a  cartilagi- 
nouB  layer,  and  at  thot>e  points  the  bono  increases  in  length, 
now  cartilage  being  formed  and  roplace<l  by  it.     The  bono 
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inoreuses  in  thicknc88  by  new  osseous  tissue  fonned  beneath 
the  perioptemu.  Thr  wim**  thing  is  true  of  the  buncpof  tho 
leg.  On  account  of  lhelur;<ely  cartiluginnusiuid  inii>erfecliy 
knit  stjitc  nf  its  bom^,  it  is  cruel  to  encourage  a  young  child 
to  wulk  Ix-yond  its  strcrngth,  aud  may  lend  to  ••  Ixiw-legs" 
or  other  jKTUunu'ut  disttirtions.  Neverthelew*  here  a**  else- 
where in  the  animal  body,  nuiderate  exercise  pronu»tes  the 
growth  of  tho  tissues  concerned,  and  it  is  nearly  as  bad  to 
wheel  ti  child  ul>out  forever  in  a  baby-carriage  as  to  force 
it  to  walk  Ijcyond  its  strength. 

The  best  rule  is  to  Id  a  healthy  child  use  its  limbs  when 
it  feels  inclined,  but  not  by  praise  or  blame  to  incite  it  to 
elTorts  which  arc  beyond  its  age,  and  so  sacrifice  its  healthy 
gi'owth  to  tho  vanity  of  paivut  or  nurse. 

Tho  final  knitting  together  uf  the  bttny  articulnr  ends 
with  the  shaft  of  many  bones  takes  place  only  compar.  - 
lively  lute  in  life,  and  the  age  at  which  it  occurs  varies 
much  in  different  bimcs.  Generally  s{>eaking,  a  layer  t.f 
cartilage  remains  y>etwecn  the  shaft  and  the  ends  of  I  lie 
bone,  until  the  latter  luis  atUiined  its  full  adult  length.  To 
take  a  few  examples:  the  lower  articular  extremity  of  the 
humerus  only  becomes  continuous  with  the  shaft  by  bony 
lissitc  in  the  pixtecnih  or  seventeenth  yen r  of  life.  The 
upper  ai'ticular  extremity  only  joins  the  shaft  by  bimy  con- 
tinuity in  the  twentieth  year.  The  upper  end  of  the  femur 
joins  tho  shaft  by  bone  from  the  seventeenth  to  the  nine- 
teenth year,  and  the  lower  end  during  the  twentieth.  In 
the  tibia  the  upfwr  extremity  and  the  shaft  nnite  in  the 
twenty-lirst  year,  and  the  lower  end  and  the  shaft  in  the 
eighteenth  or  nineteenth:  while  in  the  fibula  the  upper  end 
joins  the  shaft  in  the  twenty-fourth  year,  and  the  lower 
end  in  the  twenty-Hrst.  The  se|iarato  vertcbne  of  the 
racrum  are  only  united  to  fonn  one  bone  in  the  Iwenty-fifih 
year  of  life:  and  tl  e  ilium,  isi-hium.  and  pubis  unite  to 
form  the  us  tuuouti/irthnn  about  ihc  same  j.K-riod.  Up  to 
ahiMit  twenty-five  then  the  skeleton  is  not  tirmly  **knit." 
and  is  incapable,  without  risk  of  iujury,  of  bearing  strains 
which  it  might  afterwards  meet  with  impunity.     To  let 
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lads  «rf  ciitMn  or  ierentcpn  rov  and  take  other  •xcmse  m 
pltnty  is  one  (bio^,  mud  3  gi»>d  mie;  but  to  allov  tfaen  lo 
nndergo  the  nerere  aud  proloog^  sixain  cif  tnuuing  for 
and  rowing  a  nee  in  4^niu*  aooUter.  itnd  uoC  devoid  of 
risk. 

Adipoaa  Tiaaoe.  Fattv  enbatancGs  of  sevonil  kiads  e.v 
\it  in  CDUsidenible  <)nautitj  in  ibi-  Uuman  Hodv  in  Iwalth. 
some  as  mtnntc)  drnplf-u  fltnaiug  in  tbc  iHidtly  li«|«idj?  or 
imbedded  in  vnriou*  wlU,  Imt  lut^t  in  njiecial  lell*.  nwirlv 
filled  witb  flit,  and  collected  into  xnaMes  with  rapporting 
and  uuthtiTe  poru^  to  form  adipow  tia»n$.  In  fact  al- 
most in  erery  gjwt  where  the  widely  distributed  naH>- 
l&r  tiflsno  it*  found,  tbere  ia  adi|K»se  tiasao  iu  ^rt'iiter  r>r 
lesa  pro|>ortiun  along  with  it.  Considerable  qiiuntitied  ex- 
ist for  examplr  in  the  snbcutikneuus  areolar  tit^ue,  ei!t)>o- 
c\aX\s  in  the  female  §ex,  giving  ihe  tigure  of  tho  womuu  \\9. 
general  gnweful  roundne?:s  of  conttmr  when  ooni|>ar(Hl  with 
tbat  of  the  mule,  l^rge  quantities  commonly  lie  in  the 
abdominal  cuvity  arouml  the  kidneys';  in  llu*  oyc-soekeu, 
forming  a  pHd  for  the  eyobalU;  iu 
the  ninrrow  of  bones ;  uronud  the 
joints,  uud  M)  on. 

Examined  with  the  mieroseojie 
(Fig.  46)  adipoHe  iis8uc  is  found  to 
con.*ti8i  of  Kmall  vesicles  from  0.2 
mm.  to  0.011  mm.  (yj^  to  jj^  inch) 
in  diameter,  eltiMcred  together  into 
little roa.<<sesand  bound  tooneanother 
by  connective  tissue  and  blood-ves- 
sels whirh  mtertwiue  around  them; 

t  •  ill  1  *"^* 

in  this  wuy  ino  little  anguhir  nuissea 

which  are  seen  in  beef  enet  are  formed,  each  mawi  be- 
ing separated  by  a  somewhat  coarser  partition  of  areo- 
lar from  ite  neighb<ir?.  The  individual  fat-cells  aif« 
round  or  oval  excepi  when  closely  packed,  when  they 
heoome  polygonal.  Each  consists  of  a  delicate  euve- 
lope  containing  oily  mutter,  which  in  life  is  liquid 
at  the  temiveniture  of  tho  Body.  Besides  the  oily  mut- 
ter, a  nucleus    is    commonly    present    in    each    fat-cell; 


Fin    W  -  Fnt    orlK     with 
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and  sometimes  a  thin  layer  of  protoplasm  forms  a  lin^ 
ing  to  the  cell-walL  The  oily  matter  consists  of  a  mixture 
of  palmatin,  olein  and  stearin,  which  are  compounds  of 
palmitic,  stearic  and  oleic  acids  with  glycerine,  three 
molecules  of  the  acid  being  combined  with  one  of  glycerine, 
with  the  elimination  of  water;  as  for  example: 

3  (C-H..0  I  o)  +  C'H.  I  0.  =  3  (C..H..O)  J^.  ^  3  ^.o. 


SteMicacid. 


Qlycerina. 


StMrtn. 


Water. 


CHAPTER  IX. 


THE  STBUCTURE  OF  THE  MOTOR  ORGANS. 


Motioii  in  AnimalB  and  Plant49.  If  <'ne  wcro  a,sked  to 
piiint  out  tlie  most  ilij^tiuttivL'  pntperty  of  living  aniinuU.the 
answer  would  probably  be,  their  power  of  executing  spoutaue- 
0H.W>Teinents.  AnimaL)  U8  we  eoiumonly  know  them  are 
-sBii^Bt  rest,  while  iR^es  and  stones  move  only  when  acted 
apon  by  external  fort^*,  whirh  are  in  most  wises  readily  re- 
cognizable. Even  at  their  quietest  time^  some  kind  of  mo- 
tion is  observable  in  the  higher  animals.  In  our  own  Bod- 
ies daring  the  deepest  sleep  the  breathing  movemcntfl  and 
the  beat  of  the  heart  continue;  their  cessation  is  to  an  on- 
looker the  most  obTious  sign  of  death.  Here,  however,  as 
elsewhere  in  Biology,  we  find  that  precise  bonndariea  do  not 
exist;  at  any  rate  Aofar  as  aniraalaand  plants  are  concerned 
we  cannot  draw  a  hard  and  fivst  lino  l)ctween  them  with 
reference  to  the  pre.-^ence  or  absence  of  apparently  sponta- 
neous motility.  Many  a  flower  closes  in  the  evening  to  ex- 
pand again  in  the  morning  sun;  and  in  many  plants  compara- 
tively rapid  and  extensive  movements  can  be  called  forth  by  a 
slight  touch,  which  in  itself  is  quite  insufficient  to  produce 
mechanically  that  amount  of  motion  in  the  ma^s.  The 
Venus's  flytrap  (Dioniea  muscipula)  for  example  has  fine 
hairs  on  its  leaves,  and  when  thn^e  are  touched  by  an  insect 
the  leaf  closes  up  so  as  to  impriflon  the  animal,  which  is 
subsequently  digested  and  absorbed  by  the  leaf.  The  higher 
plants  it  is  tjrue  have  not  the  power  of  lofomoffon,  they 
cannot  change  their  place  as  the  higher  animals  can;  but 
on  the  other  hand  some  of  the  lower  animals  are  ]>prma- 
nently  fixed  to  one  spot;  and  among  the  lowest  plants  many 
are  known  which  swim  abo^it  actively  through  the  water  in 
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which  they  live.  The  lowest  animals  and  plants  are  in  fact 
those  which  have  undergone  least  differentiation  in  tlicir 
development,  and  wlilch  therefore  resemble  each  other  in 
possessing,  in  a  more  or  loss  manifest  degree,  all  the  funda- 
mental physiological  properties  of  that  simple  mass  of  pro- 
toplasm which  formed  the  starting  jioiutof  each  individual. 
With  the  i>]iy?iol(igica]  division  of  hdwr  which  t^ikos  place 
in  the  higher  fttnns  wo  Hnd  tliat,  fpoaking  hroudly,  plants 
especially  develop  nutritive  tissues,  while  animals  arc  cljar- 
acterizcd  by  the  hi^h  development  of  tissues  wilh  niuttir 
and  irritable  pro|H*nK's;  so  tbat  the  preijonderauce  of  ihcpe 
latter  is  very  marked  when  a  complex  animal,  like  a  dog 
or  a  man,  is  conipariHl  with  a  com[>lex  plant,  like  a  pine 
or  a  hickory.  The  higher  animal  possesses  in  addition  to 
greatly  develo|)ed  nutritive  tissues  (which  differ  only  in 
detail  from  those  uf  the  jdant,  and  cimHtilute  what  are 
therefore  often  called  ovfjans  of  vcijetative  life),  well-devel- 
oped spontaneous,  irritable  and  contractile  tissues,  found 
mainly  in  the  nervous  and  nniscubir  systems,  and  forming 
what  liave  been  culled  tlie  on/tutM  uf  attimtd  life.  Since 
these  place  the  animal  in  clnso  relationship  with  the  sur- 
rounding universe,  enabling  slight  external  forties  to  excite 
it,  and  it  in  turn  to  act  upon  external  objects,  they  arc  also 
often  spoken  of  as  otf/nns  of  relfttwn.  la  man  fhey  have  a 
higher  development  on  the  whole  than  in  any  other  animal, 
and  give  him  his  leswling  place  in  the  animate  world,  and 
his  piiwer  of  go  largely  controlling  and  directing  natural 
forces  for  his  own  good,  while  the  plant  can  only  paesively 
strive  to  endure  and  make  the  best  of  what  lia|)pen8  to 
it;  it  has  little  or  no  iuAuenco  in  controlling  the  hap' 
pening, 

Amcsboid  Cells.  The  simplest  motor  tissues  in  the  adult 
Human  Body  arc  tlie  ameboid  cells  (Fig.  VZ)  already  de- 
scribed, which  may  bo  regarded  as  the  sligbtly  modified 
desocndants  of  the  unditrercutiated  cells  wbich  at  one 
lime  made  up  tlio  whole  Body.  In  the  adult  they  are  not 
atiacheil  to  other  jiarta,  so  that  Ihcir  changes  of  form  onlv 
affect  themselves  and  produce  no  movements  in  the  rest  of 
the  Body.     Hence  with  regard  to  the  whole  frame  they 
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«Mi  hsrdi):  be-  callvJ  muUsr  ti«»i«tf,  And  m  att  placvd  in  r 
gruu|t  bj  th^aiwlTef  ooder  ibe  lunte  of  mmdiJfertMiiatt^ 

CUiAtad  Cells.     -tU  (he  growtDj(  Body  dereiopA  from  \U 

I  we  fiikd  ti  '  vIU  lilting  «ome  o£ 

^!»  iu  iu  tiiitiergo  «  vcrjr  rv^ 

-uarkablecJiange,  bv  vbtch  cnch  cell  ditlereiittuti*^  iUclf  iotc 
L  UQtritlTc,  juid  a  hixhly  niutUe  aud  ^l>ouluIlt*«^us  |>urtioi! 
^ucb  oelU  ut*  found  for  rxiimplG  lining  the  wind]ii|i€.  and 
•  nuin>»or  an?  represented  iu  Kig.  47.  Earh  \uxa  u  eonie^d 
fcrra,  the  base  <'f  the  cone  being  turned  to  the  cavity  ot 
the  air-tube,  and  contains  an  oval  nnclcus.  with  a  nucleolus. 
Oi  the  broader  free  end  arc  a  luiinlx^r  (alMUt  thirty  on  the 
aTenige)  of  extremely  lino  pr'-oc-stii  called  riUa.  During 
life  these  are  in  couiitant  rapid  move- 
meaty  lathing  to  and  fro  iu  the  licjnid 
vbiuh  moiston^  the  interior  of  tho 
passage;  and  as  the  colli*  are  very 
cloedy  packed,  a  bit  of  tho  inner  sur- 
£aoe  of  the  wiudpijie  examined  with 
a  microscope.  XoaV^.  like  a  field  uf  wheat 
or  barley  when  the  wind  blowH  over 
it.  Each  ciliuni  strikes  witli  more 
"  force  iu  one  direction  than  in  the  opposite,  and  as  thia  di- 
rootion  of  more  powerful  stroke  is  the  same  for  all  the  cilir. 
on  any  one  gnrface,  the  rei^ultant  effect  is  that  the  liqnid  in 
which  they  move  ia  driven  one  way.  In  tho  cuhc  of  tlie 
wind|>ipc  for  example  it  is  driven  up  towards  tlic  tliroiit, 
and  the  tenacious  liquid  or  mucus  which  is  thus  swept 
along  is  finally  coughed  or  "hawked'*  up  and  got  rid  of, 
instead  of  accumulating  in  the  deeper  air-passages  away 
down  ill  the  chest. 

These  cells  afford  an  extremely  interesting  examjile  of  tho 
division  of  ])hysioli»gioal  emiiloymonts.  Euch  proceeds  from 
u  coll  whieli  wjis  primitively  v»iiuilly  motile,  nutomutic,  and 
nutritive  iu  all  its  jiarts.  Rut  iu  the  fully  drvrlopod  state; 
the  nutritive  duties  liuvo  hceu  esi»eeially  as,*unicd  by  the 
conical  cell-body^  while  the  automatic  and  contractile  prop- 
erties have  been  coudcnsetl,  so  to  &]>eak,  iu  that  modified 
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portion  of  the  primitive  protoplaemic  mass,  which  forms  tho 
cilitt.  Thctic,  being  BujipKo*!  wiih  food  by  the  rest  of  tho 
cell,  are  raised  above  the  vulgiir  cares  of  life  and  have  the 
opportunity  to  devote  their  whole  attention  to  the  perform- 
ance of  automatic  movements;  which  are  acconlingly  far 
more  rapid  and  precise  than  tiiose  executed  by  the  wholo 
cell  before  any  dinsion  of  labor  had  occurred  in  it. 

That  the  movements  dcjiend  upon  the  structure  and  cora- 
positiou  of  the  cells  themsolve.'t,  and  not  upon  influentvs 
reai-hing  them  from  the  nervous  or  other  tissue?*,  is  proved 
by  the  fact  that  they  continue  for  a  long  time  in  isolaterl 
cells,  removed  and  jtluced  in  a  liquid*  as  blood  Keriim,  which 
does  not  alter  their  phyaicjil  constitution.  In  c  old -blood  chI 
animals,  as  turtles,  whosti  constituent  tissues  frequently 
retain  their  indiviilual  vitality  long  after  that  bond  of  union 
has  been  destroyed  which  constitutes  the  life  of  the  whole 
animal  as  distinct  from  the  lives  of  its  different  tissues,  the 
ciliated  cells  in  the  windpipe  have  bci^n  found  still  at  work 
three  weeks  after  the  general  death  of  the  animal. 

The  Muscles.  These  are  the  main  motor  organs  ;  their 
general  aj>pearanoe  is  well  knomj  to  every  one  in  the  lean 
of  butcher's  lucal.  M'hile  amteboid  cells  can  on]y  move 
themselves,  and  (at  least  in  the  Human  B<^dy)  ciliated 
cells  the  layer  of  liquid  with  which  thuy  luay  hai»iK*u  to  be 
ia  contact,  the  majority  of  the  muscles,  being  fixed  to  the 
skeleton,  can,  by  alterations  in  their  form,  bring  about 
changes  in  the  form  and  position  of  nearly  all  parts  of  the 
Body.  With  the  skeleton  and  joints,  they  constitute  i>ro- 
ominently  the  organs  of  motion  and  locomotion,  and  are 
governed  by  the  nervous  system  which  regulates  their  activ- 
ity. In  fact  skeleton,  muscles,  and  nervoua  system  are 
correlated  parts:  the  degree  of  nsefolaess  of  anyone  of 
them  largely  depends  upon  tho  more  or  less  complete  de- 
velopment of  the  others.  Man's  highly  endowed  senses  and 
his  jiowcrs  of  reflection  and  reason  would  be  of  little  use  to 
him,  were  his  muscles  less  fitted  to  carry  out  tho  dictates  of 
his  will  or  his  joints  loss  numerous  or  mobile.  All  tho 
muscles  are  under  the  control  of  tho  nervous  syetem,  but 
all  are  not  governed  by  it  with  the  co-operation  of  will  or 
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muTing  without  our  hnringfenj direct 
Uie  fftct.  ThU  i»  cs\ivc\xi]\^  the  cMe  with  oer- 
tjun  maflclw  which  aro  not  fixed  to  the  skeloton  bat  snr- 
rrmnd  cavitiea  or  tiihe«  in  the  B<^lr,  aa  the  blood-Tefisels  and 
the  ahmentarj  canals  and  by  iheir  moTcmcDtfl  control  the 
paaeage  of  sabstanoes  throagh  them.  The  former  group,  or 
MkeMai  mHMtisjt,  arealiso  from  their  niieraseopic  charBCters 
known  as  striped  muscles,  while  the  latter,  or  visceral  mus- 
cU-s,  are  caDed  •'  /  or  plain  mu»rlfft.     The  skeletal 

masclee  being  g» .  more  or  Ie*d  eul>jet:l  to  the  control 

of  the  will  (as  for  example  thoee  moving  the  limbs)  are 
freijneQtly  spoken  of  as  voluntary^  and  the  visceral  mascles.. 
which  change  their  form  iudepeudeutly  of  the  will,  as  tniy>/- 
untary.  The  heart-niusfle  forms  a  sort  of  intermediate 
link  ;  it  is  not  directly  attached  to  the  skeleton,  but  forms 
a  hollow  bag  which  drives  on  the  blood  contained  in  it  and 
that  quite  inToIantarily;  but  in  its  microscopic  structure  it 
rosembles  the  ^skeletal  voluntary  musoloii.  The  muscloii  of 
respiration  might  perhaps  be  cited  as  another  intermediate 
gronp.  They  are  striped  skeletal  muscles  and,  as  we  all 
know,  are  to  a  certain  extent  subject  to  the  will;  any  one 
can  draw  a  deep  breath  when  he  ehoosee.  But  in  ordinary 
quiet  breathing  we  are  quite  unconscious  of  their  working, 
and  even  when  attention  is  turned  to  them  the  {>ower  of 
control  is  limited;  no  one  can  voluntai'ily  hold  his  breath 
long  enough  to  suffocate  himself.  As  we  shall  see  liereafter, 
moreover,  any  one  or  all  of  the  striped  muscles  of  the  Body 
may  he  thrown  into  activity  independently  of  or  even 
against  the  will,  as,  to  cite  no  other  instances,  is  seen  in  the 
*•  fidgets"  of  nervousness  and  the  irrepressible  trembling  of 
extreme  terror;  so  that  the  names  voluntary  and  involun- 
tary are  not  good  ones.  The  functional  differences  be- 
tween the  two  groups  depend  really  more  on  the  nervous 
connections  of  each,  than  upon  any  essential  difference  in 
the  properties  of  the  so-called  voluntary  or  involuntary 
niuficular  tissues  themselves. 

The  Skeletal  MuboIob.  In  its  simplest  form  n  skeletal 
muscle  consists  of  u  red  soft  central  part,  the  helty^  which 
ta|>er8  at  each  end  and  there  pa^^seji  into  one  or  more  dense 
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whito  cords  which  consist  nearly  entirely  of  wliite  fibrous 
connective  tissue.  These  terminiil  cords  are  called  the 
tenduna  of  the  muscle  and  serve  to  utlath  it  to  j>arts  of  the 
bony  or  cartilaginous^  skeleton.  In  Fig.  48  ia  fchuwn  the 
bicejis  muftcleot  the  arm,  which  lies  in  front  of  the  htunerun. 
Its  fleshy  belly,  i?A,  is  ecen  to  divide  abovo  luid  en*!  there 
in  two  tendoud,  one  of  which.  /?/,  \&  fixed  to  the  ecupula, 
whilo  ttto  other  joins  the  tendon  of  a  uuighb(.>ring  muscle 
(tho  coracobrachial)  and  is  also  fixed  above  to  the  slioulder- 
blado.  Near  tho  elbow-joiut  the  muscle  is  continued  into 
a  single  tendon..  B'^  which  is  fixed  to  the  radius^  but  gives 
an  offshoot,  B  ,  to  the  comicctivc-tissue  meubrunes  lying 
around  the  elbow-joint. 

The  belly  of  every  ninscle  possesses  tho  power  of  shorton- 
ing  forcibly  under  certain  conditions.  In  eo  doing  it  pulls 
upon  the  tendons,  which  being  composed  of  inextcnsible 
white  fibrous  tissue  transmit  tho  movement  to  the  hard 
parts  to  which  they  are  attached^  just  as  a  pull  at  one  end 
of  rope  may  be  made  to  act  upon  distant  objects  to  which 
the  other  end  is  tied.  Tho  tendons  are  merely  passive 
corda  and  are  eometimes  very  long,  as  for  instance  in  tho 
case  of  the  muscles  of  the  fingers,  tho  bellies  of  many  of 
which  lie  away  in  the  forearm. 

If  the  tendons  ut  each  end  of  a  muscle  were  fixed  to  the 
same  bone  tho  muscle  would  clearly  be  able  to  {>rodnce  no 
movement,  unless  by  bending  or  breaking  the  bone;  tho 
probable  result  in  such  a  case  would  be  that  the  muscle 
would  be  torn  by  its  own  effurts.  In  the  Body,  however, 
the  two  ends  of  a  muscle  are  always  attached  to  two  differ- 
ent pieces  of  the  skeleton,  between  which  more  or  less 
movement  is  jjcrniitted,  and  so  when  the  musclt^  pulls  it 
alters  the  relative  positions  of  the  jtarts  to  which  its  ten- 
dons are  fiTod.  In  the  great  majority  of  cju<es  a  true  joint 
lies  l>etwccn  tho  Ininea  on  which  tlie  muscle  can  pulU  and 
when  the  latter  conlraHs  it  produces  movement  at  the 
joint.  Munv  muscles  even  pass  over  two  joints  and  can 
produce  movemc»»t  at  cither,  as  the  biceps  of  the  arm 
which,  fixed  at  one  end  to  the  Fcapuhi  and  at  tlie  other  to 
the  nidlus,  can  move  tho  bones  at  citlur  the  s-hoii!der  or 
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elbow  joints.  Where  a  muscle  passes  over  an  articulation 
it  is  nearly  always  reduced  to  a  narrow  tendon;  otherwise 
the  bulky  bellies  lying  around  tlie  joints  would  make  them 
eitremely  clumsy  and  linnt  their  mobility. 

Origin  and  Iiisertioa  of  Muscles.  Almost  invariably 
that  part  of  the  skeleton  to  whicit  one  end  of  a  mubcle  ia 
fixed  is  more  easily  moved  than  the  port  on  wliiuh  it  pulls 
by  its  other  tendon.  The  less  movable  attachment  of  a 
muscle  is  called  iii*  origin,  the  more  movable  its  insertion. 
Taking  for  example  the  biceps  of  the  arm.  we  find  that 
when  the  belly  of  the  muscle  contracts  and  pulls  on  its 
upper  and  lower  tendons,  it  commonly  moves  only  the  fore- 
arm, bending  the  elbow-joint  a«  shown  in  Fig.  49.     The 


« 


(to.  4?.~The  hlcepn  rauftrlp  and  the  arm-Kones,  to  llhiFlmtohoir.  itnder  ordi- 
B*i7  clrcum&tADces.  ttio  elbow  Joint  is  flexed  wben  the  muncia  contnct«. 

shoulder  is  bo  much  more  firm  that  it  serves  as  a  fixed 
point,  and  so  that  end  is  the  origin  of  the  muscle,  and  the 
forearm  attuchment,  Pj  the  insertion.  It  is  clear,  how- 
ever, that  this  distinction  in  the  mobility  of  the  jwints  of 
fixation  of  the  muscle  is  only  relative  for,  by  changing  the 
conditions,  the  insertion  may  become  the  stationary  and 
origin  the  moved  point ;  as  for  instance  in  going  up  a 
rope  '*hand  over  hand."  In  that  case  the  radial  end  of 
the  muscle  is  fixed  and  the  shoulder  is  moved  through 
space  by  its  contraction. 

Different  Forms  of  MuboIos.     Many  muscles  of  the 
Bod^  have  the  simple  typical  form  of  a  belly  tapering  to  a 
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iingte  ceodoa  at  each  end  m  a.  Fig.  50;  b<it  others  diTide 
A£  oDe  end  and  are  called  Itto-ktad^  or  ^iVr^  musiJc^; 
vhile  cofDe  lUV  ef«n  three^^iended  or  tne^ps  mitachx.  On 
tbe  oUm^t  hand  flomr  matde*  huvc  no  U'lkdott  at  ul]  at  one 
eod.  the  beDj  raaning  rigfal  np  to  the  point  of  attachment; 
and  aooM  bate  &o  tendon  at  ctlher  cml.  In  muikv  nni>cl6a 
a  tcodoo  miks  along  one  &i<lr  un<l  tlu*  Obreii  of  tliu  bcll^'  lune 
■Uached  obktqoelj  to  it:  foicli  mQK-Ie?f  {h, 
Fi^  50)  an*  csMmH  penmfurm  <>r  fvutb- 
eir-liko;  or  a  tendon  runij  oblii|Ucly  down 
the  middle  of  tlu*  niu.tcle  and  hat?  the 
nbrN  of  ibe  bellj  fixed  <»hlifjuelv  on 
each  sido  of  it  (o  Fig.  50),  furmin^  a 
bipennifortn  muxrU :  or  OTon  two  tow- 
dons  mav  run  down  the  belly  and  m\  form 
a  tripenttiftfrrn  mufcU,  In  a  few  oases 
a  tendon  i^  foand  In  the  middle  of  the 
belly  a£  well  ae  at  each  end  of  it;  fiuch 
mofidefl  are  ctdted  diyatftrir,  A  muK'le  »^*^' 
of  th id  form  (Fig.  51)  ia  found  in  eon-  ini«cip;r^uii«-miirunn 
nedion  with  the  lower  juw.  It  arises 
by  a  tendon  attached  to  the  base  of  the  Bkul);  from  there 
ltd  first  belly  runa  downwardrf  and  forwanis  to  the  nei'k  hy 
the  side  of  the  hj'oid  bone,  where  it  enda  in  a  tendon 
which  pusses  through  a  loop  serving  as  a  pulley.  This  is 
succeeded  by  a  second  belly  directed  upwards 
towards  the  chin,  where  it  endit  in  a  tendon 
inserted  into  the  lower  jaw.  Running  along 
the  front  of  the  belly  from  the  pelvis  to  the 
chest  is  a  long  nuiscle  on  each  8ide  of  the 
middle  line  called  the  rrrtus  ahthiniuis :  it 
is  polyga^trin^  eonsis^ting  of  four  l>ellies  sej*- 
arated  by  short  tendnns.  Many  mu.-iclcs  moreover  are 
not  rounded  but  form  wide  flat  mtu4Si'.s,  as  for  example 
the  musculo  S»  BCL'a  on  the  ventral  fide  of  the  shoulder-blade 
in  Fig.  48, 

Gross  Structure  of  a  Muscle.  However  the  form  of 
the  skeletal  muscles  and  the  arrangement  at  their  tendons 
muy  vary,  the  c^iientia]  structure  of  all  is  tlie  same.     Each 
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OonsisU  of  a  proper  striped  muscular  tisnue^  which  is  its  es- 
sontiul  piiH.  but  which  is  supported  by  conneotivo  tissue, 
nourihlii'd  by  blood-veettels  and  lymphatics,  and  has  itst  ac- 
tivity governed  liy  nerves;  so  that  a  great  variety  of  things 
gr»  to  form  the  et»mp]ete  organ. 

A  I0080  slieuth  of  areolar  connective  tissue,  called  the 
ftrrimtf^tium,  envelops  each  muscle,  and  from  this  parti- 
tiuus  run  in  and  subdivide  the  belly  into  bundles  or yWjtr*- 
<7//i  which  run  from  tendon  to  tendon,  or  for  the  whole 
length  of  the  inustOe  when  it  h;is  no  tendons,  Tlie  coiirse- 
uesrt  or  fineness  of  butcher's  meat  depends  upon  the  size  of 
these  primary  fasciculi,  which  differs  in  different  muscles 
of  the  same  animal.     These  liirger  fasciculi  are  subdivided 

by  finer  connective-tissue 
membranes  into  f^maller 
ones  (as  shown  in  Fig.  52, 
which  represents  a  few  pri- 
mary fasciculi  of  a  muscle 
and  the  secondary  fasciculi 
into  which  these  are  di- 
vided), each  of  which  oon- 
sists  of  a  certain  number  of 
mti4fr»iar  fihrfx  bound  to- 
gether by  very  fine  con- 
nective tissue  and  mvcl- 
oped  in  n  dose  network  of  microscopic  blood  -  veseeU. 
Urbere  »  inuacle  tapers  the  fibres  in  the  fasciculi  become 
kn  nnmemns,  and  when  a  tendon  is  formed  ili  Tipper 
alto^ther.  Wring  little  boc  the  connectiw  tissue 

Hiatolocy  of  MuMlew  For  the  i»«MBt  wie  need  only 
eoDoem  ourfirln'^  with  the  mi&scnlar  fibres  Each  ol  these  is 
fron  eight  to  thirty-five  uQlimeteff  (^  tc  1^  isteh)  kf^« 
bat  only  from  0,(m  to  0.065  mm.  (yi?  ^  «>?  ia^l>)  in 
diaoMttir  in  its  widest  put,  and  upering  to  a  point  at  tf«eh 
eflML  Hence  in  km^  moscles  with  terminal  tendow.  aa 
ftn  nttft  tbt  vboW  teffUi  of  a  fMcicalas,  vlueh  mar  bt  a 
iHt  or  BMtw  yt^*  bat  tike  ^edenhie  \m  made  np  of  maaj 
ivw  fibna*  tbe  narrow  ead  of  eaeh  fitting  in  between 
U  tbow  wbkek  fottov  it.    In  sbort  or  peanifocm 
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vherp  tha  faacicali  are  stiarL,  tbe  fibres  mmj  ran 
ifae  wliak  len^  of  mA  of  tbe  UUer. 

BzaauiMd  oucfallj  with  a  food  microoeope  Moh  fibrr 
is  n0&  to  poaew  a  terj  tliin  b«oiOfEeiicotu  Aeath  or  envel- 
ope, called  the  jaiyofewM,  within  which  liee  tbe  contnc- 
tile  portion  of  tbe  fibre,  ^.  which  preeent«  a  ftn|^  appvtir- 
ance  as  if  composed  of  darker  and  dimmer  alterufttiug 
bar  'iS).     Daring  life  thi^  rabeUnce  is  venr  soft  or 

•eui .,   jut  after  death  it  rapidlj  &ohdj- 

fies  and  death-stiffening,  or  rigor  mortify  Is 
prckdaced.  Besides  the  contractile  ralw 
itaooo  a  namber  of  ovaJ  nuclei,  each  ftur- 
roanded  by  a  little  unmodified  protoplaam, 
lie  inside  the  sarcolerama.  The  Utter  ia 
imperforate  except  at  one  point  where  the 
central  portion  (or  ajcijt  rtjHutUr^  *oe  Chap. 
XII.)  of  a  nerve-fibre  penetrates  it,  and 
ends  in  an  expansion  or  end  plate  which  is 
in  immediate  contact  with  the  striated  snb- 
stance. 

The  larger  blood-reesels  of  a  mu^le  run 
in  the  coarser  partitions  of  the  connective 
tissue,  and  the  finer  ones  lie  close  around     iPro.sa.-A.BxuUi 
each  fibre  but  entirely  outsido  it^  sarcolem-    ^^i^^. 

«na  Blfled.    A(  a  the 

^^  flbw  h*»  been 

Structure  of  the   Unstriped   Muscles.    Sd'S"!!^*'?^ 
Of  these  the  muscular  coat  of  the  stomach    iwcooumuwhUw 

,  — ,,  .     ,  _  the    tOUgIMM'   BU^ 

(Fig.  54)  18  a  good  example.  They  have  no  coirmm*,  eue- 
definite  tendons  but  form  expanded  mem-  appuedtotbemt 
branes  surrounding  cavities,  so  that  they  have  KntAina  aotom 
no  definite  origin  or  insertion.  Like  the  *"**  e«i*picuou«. 
skeletal  muscles  they  consist  of  proper  contractile  elements, 
with  accessory  connective  tissue,  blood-vosaelH,  and  nci-ves. 
Their  fibres,  however,  have  a  very  different  microscopic 
structure.  They  present  no  striation  but  arc  made  np  of 
elongated  cells  (Fig.  .15),  bound  together  by  a  smaU  quan- 
tity of  cenieutiug  material.  Each  cell  is  flattened  in  one 
plane  and  tajiera  off  at  eiich  end;  in  its  interior  lies  an 
elongated  nucleus  with  one  or  two  nucleoli.     Tliose  celU 
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have  the  power  of  shortening  in  the  direction  of  their  long 
axes,  and  bo  of  diminishing  the  capacity  of  the  cavities  in 
the  "vpalls  of  which  they  lie. 

V  i  Cardiac  Muscular  Tissue.      This   con- 

\  1      sista  of  flattenoil  branched  cells  which  anite 

^  I       *^  form  a  network,  in  the  iniersticeu   of 

^         I       whicii  blood  ciijiinariea  and  nerve-fibres  nin. 

M        J|       The  cells  ]>rosent  tninsverse  striations,  but 

■      m       not  60  distinct  us  those  of  the  skeletal  mas- 

H    JR       cles,  juid  are  Siid  to  have  no  sarcoleinnia. 

™  K  The  Chemistry  of  Muscular  Tissue.  The 

chemical  stmcture  of  the  Mving  mustrnlur 

j  fibre  is  unknown,  eincx?  all  tliu  uietho(ls  of 

I  chemical  analysis  at  present  discovered  de- 

\  compose  and  kill  it.     It  contains  75   })er 

\  cent  of  water;  and,  among  other  inorganic 

f  constituents,  phosphates   and   chlorides  of 

■  ^        ]>u(assium,  sodiinii.  and  mugnesiuui.    When 

t  \       at  rest  a  living  muscle  is  feebly  alkaline,  but 

/      *       \     after  hard  work,  or  when  dying,  this  reaction 

'     is  reversed  through  the  formation  of  sarco- 

muaetettiiiK.        lactic  acid  (C3II4O3).    Muscles  contain  small 

quantities  of  gra|>e  sugar  and  glycogen,  and  of  orgauio 
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tilt  illine    compounds,    cejjocially     kreatiu 

0  '  the  awe  of  ull  other  physjolugicullv  mo- 

tive ti«8ncs.  however,  tlie  main  po»t  Mior/rf/feonBtituenU  of 
(lie  mueciilur  tibron  are  proteid  substances,  and  lE  is  jirolMi- 
ble  tliat  like  protoplasm  itM*lf  ()>.  *'24)  the  esti;entia]  con- 
tmctile  {lurt  of  the  tiH^nue  eonisititH  of  a  eomplex  bodv  con- 
taining proteid,  L'arlx>hydrat«  and  futtr  residues;  and  that 
during  muscular  work  this  in  brnken  up,  yielding  protcids, 
carbon  dioxide,  Barcolactic  acid,  and  probably  other 
things;  for  this  hv|Kjtlu'tical  Fubstance,  which  hiw  never 
yet  been  isolated,  the  name  inoffen  has  been  proposed, 
The  main  proteid  substance  obtained  from  muscles  is  that 
known  as  myosin^  which  is  pre|»ared  aa  foIlowH.  Perfectly 
fre^h  and  still  living  muscles  are  cut  out  from  a  frog  which 
has  just  been  kiUeil  by  destruction  of  itj*  bruin  and  spinal 
»*ord.  a  pro<*eeding  which  entirely  deprivoa  tiio  animal  of 
congciouaneftM  and  the  jwwer  of  using  it*i  muscles,  but 
leaverf  these  latter  unaltered  and  alive  for  Home  time.  The 
excised  muscles  are  tlirown  into  a  vessel  co^jUhI  below  0"C, 
by  a  freezing  mixture  and  ho  are  frozen  hard  Iwfore  any 
great  chemical  change  has  had  time  to  occur  in  thom.  The 
soliditied  muscles  are  then  cut  up  into  thin  slices,  the  bits 
thrown  on  a  cooled  filter  und  let  gniiluully  warm  np  to  the 
freezing  pKunt  of  water,  with  the  iiddition  of  some  ice-oold 
0.»)  per  cent  si>lution  of  common  salt,  Oradually  a  small 
<|uautity  of  a  tenacious  liquid  filters  through,  which  is  at 
first  alkaline  to  test-paper  but  soon  sets  into  a  jelly  and 
becomes  acid.  The  coagulation  and  the  acidity  arc  due  to 
the  breaking  up  of  the  muscle  substance  into  the  myosin 
and  other  bodies  referred  to  above.  At  first  the  jelly  is 
transparent,  but  soon  the  myosin  becomes  opa<iuc  and 
shrinks  juHt  like  bloo*!  fibrin,  sciucczing  out  a  (quantity  of 
nntxcle  serum,  and  remaining  itself  as  the  f»v.'rle  clot. 
Mvosin  thus  prepared  is  insoluble  in  water  and  in  raturatcd 
solution  of  common  salt,  but  solublo  in  five  or  ten  ]K'T  cent 
watery  solutions  of  the  latter  ^ubsrinicc.  When  boiled  it 
IS  tamed  into  coagulated  proteid  (p.  11)  and  becomes  in- 
,«oluble  in  dilute  acids,  in  which  the  original  myosin  wiui 
dubU',  though  at  the  same  time,  however,  converted  into 
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another  proteid,  called  syntonxn,  which  was  formerly  con- 
gidered  to  be  the  original  proteid  yielded  by  the  muscles. 
Syiitonin  is  insoluble  invatcr  but  soluble  in  dilute  acids 
and  alkalies  and  its  Borniions  are  not  coagulated  by 
boiling. 

Beef  Tea  and  Liebig^B  Extract.  From  the  above  stated 
facts  it  is  clear  that  Mlieri  a  nni(?t*le  is  boiled  in  M'ater  its 
myosin  is  coagulated  and  left  behind  in  the  meut:  even  if 
cooking  be  commenced  hysoitking  in  cold  water,  the  myosin 
still  remains  as  it  is  insoluble  in  cold  water.  Beef  tea  as 
ordinarily  made,  then,  cont^iins  little  but  the  flavoring 
matters  and  salts  of  the  meat  and  some  gelatin,  the  former 
making  it  deceptively  taste  as  if  it  were  a  strong  solution 
of  the  whole  meat,  whereas  it  contjiinsbut  lit  tie  of  the  most 
nutritious  proteid  jwrtions,  which  in  an  insipid  shrunken 
form  are  left  when  the  li^juid  is  straii»ed  off.  Various  pro- 
posals have  been  made  with  the  object  of  avoiding  tliis 
and  getting  a  really  nutritive  beef  t^ja;  as  for  example 
chopping  the  raw  meat  tine  and  soaking  it  in  strong  brine 
for  some  hours  to  dissolve  out  the  myosin;  or  extracting  it 
with  dilute  acids  which  turn  the  myosin  into  syntonin  and 
dissolve  it.  at  the  same  time  rendering  it  non-<'oagiilahleby 
heat  when  subsequently  boiled.  Such  methode,  however, 
make  unpalatable  compounds  which  invalids,  as  a  rule,  will 
not  take.  Beef  tea  is  a  slight  stimulant  but  hardly  a  food 
and  cannot  be  relied  upon  to  keep  up  a  patient's  strength  for 
any  length  of  time.  Liehiy^s  extrnrf  of  vieuf  is  essentially 
a  very  strong  beef  tea;  containing  much  of  the  flavoring 
subsUnccs  of  the  meat,  nearly  all  its  salts  and  the  crystal- 
line nitrogenous  bodies,  such  as  kreatin,  which  exist  in 
mufcle,  but  hardly  any  of  its  really  nutritive  parts.  From 
its  stimulating  effects  it  is  often  useful  to  persons  in  feeble 
bejilth,  but  other  food  should  l>e  given  with  it.  It  may 
also  be  used  on  account  of  its  flavor  to  add  to  the  "stock" 
of  soup  and  for  similar  purposes;  but  the  erroneousness  of 
the  common  belief  that  it  is  a  highly  nutritious  food  can- 
not be  too  strongly  insisted  upon.  Under  the  name  of 
liouid  extracts  of  meal  other  substances  have  been  preparetl 
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by  Babjecting  meat  to  chemical  processes  in  which  it  un- 
defigoes  chingeB  similar  to  those  experienced  indigestion: 
tbe  myosin  is  thus  rendered  soluble  in  water  and  uncoogu- 
lable  by  heat,  and  such  extracts  if  properly  prepared  are 
highly  nntritioos.  The  flaror  may  be  improved  by  adding 
a  little  of  liebig's  extract  if  desired. 
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CHAPTER    X. 

THE   PROPERTIES  OF  MUSCULAR  TISSUE. 

Contraotility.  The  characteristic  physiological  property 
of  imi.<eular  tissue,  iinJ  that  for  which  it  is  employed  in  the 
Body,  IS  the  fixculty  possessed  by  its  fibres  of  shnrtoiiiug 
forcibly  under  ceruin  circuniHtances.  The  direction  m 
which  this  shortening  occurs  is  always  that  of  the  long  axis 
of  the  tibre.  in  both  plain  and  strij^ed  muscles,  juid  it  is 
ae<x*nipauied  by  an  ulniosl  equivalent  thickening  in  other 
dianieU^rs,  so  that  when  a  muscle  contracts  it  does  not 
shrivel  up  or  diminish  its  bulk  in  any  apj)rcciable  way:  it 
simply  changes  its  form.  M'licn  a  muscle  contracts  it  also 
becomes  liarder  and  more  rigid,  especially  if  it  haj*  to  over- 
come any  resistance.  This  and  the  change  of  form  can  l>e 
well  felt  by  placing  the  fingei"s  of  one  hand  over  the  bicefw 
muscle  lying  in  front  of  the  humerus  of  the  other  arm. 
When  the  muscle  is  contnicted  so  as  to  bend  the  elbow  it 
can  be  felt  to  swell  out  and  harden  as  it  shortens.  Every 
schoolboy  knows  that  when  he  appeals  to  another  to*' feel 
his  mtisde"  he  contnu^ts  the  latter  so  as  to  make  it  thicker 
and  apparently  more  massive  as  well  a^  harder.  In  statues 
the  prominences  on  the  surface,  indicating  the  muscles  Ik*- 
neath  the  skin,  are  mode  Ter>'  eonspicuous  when  violent 
effort  is  represented,  so  as  to  indicate  that  they  are  in  vigor- 
ous action.  In  a  muscular  fibre  we  find  no  longer  the  slow, 
irregular,  and  indefinite  changes  of  form  seen  lu  the  nndif- 
ferentiaied  cells  of  early  development;  this  is  replaced 
by  a  precise,  rapid,  and  definite  change  of  form  in  one  di- 
rection only.  Muscular  tissue  represents  a  group  of  cells, 
bodily  c«>mnumity.  which  have  taken  up  the  one  spe- 
tutj  of  executing  changes  of  form,  and  lu  proportion 
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thev  hare  fever  otber  thiug^  to  do.  tbcj  do  that  one  liotter. 

'his  fontnirfilUt/  u(  tlie  ma«calar  fibres  may  U*  ljei«i  t-on- 

'ived  bjr  t^uiiidenug  each  (o  ]Hj9»e!ui  two  imtiirtil  tflia|te»; 

%  the  gUitv  of  rvsU  Id  wlucli  ihu  tibren  are  long  uud  iiur* 

r;  Aud  tiicT  uthier  the  sUit«  of  lietivitVi  iu  which  they  ttro 

lorter  and  taickcr:   under  ixTliiin  conditions  the  fibres 

•nd  to  puite,  vrith  considerable  forre,  from  their  reflling  to 

irtr  active  form,  and  in  sto  doing  they  move  piuriA  Attached 

lendouA.     When  the  state  of  activity  posaes  off  the 

fer  them«clvc«  to  be  paseively  extended  again  by 

any  force  pulling  upon  them,  and  they  ?o  regain  their  rest- 

^jug  8iia{>o;  and  since  in   the  living  Body  other  part^  aro 

learly  invariably  put  upon  the  Htrotch  when  any  given 

ile  c'onlractii,  thew  by  their  elasticity  serve  to  pull  the 

bulk  again  to    its   primitive   shape.     No    muscular 

itf  known  to  have  the  power  of  actively  ex|uinding  after 

hai  contracted:  in  the  active  stiite  it  forcibly  re^i^t.s  ex- 

^nBioD,  but  once  the  contraction  is  over  it  i^nCFers  itself 

lily  to  be  pulleil  out  to  its  resting  form. 
Irritability.  Witli  that  ni'Mliticittion  of  the  primitive 
imtoplaiim  of  an  aniceboid  cell  which  gives  rise  to  a  mus- 
talar  fibre  with  it*;  i^a'at  contractility,  there  goes  a  loss  of 
hor  pruiH-Ttie-s.  All  truce  of  8pt»ntaneity  neeins  to  diiiap- 
>ur;  muscles  are  not  automatic  like  native  protoplaj^m  or 
iliated  celU;  tliey  remain  at  rest  unless  directly  excited 
from  withimt.  The  amount  of  external  change  i'e<juired 
excite  the  livin,^  muBcular  fibre  at  any  moment  is.  how- 
!ver,  very  small;  iu  other  words,  it  is  highly  irritable^  a 
rery  little  thing  being  sufficient  to  call  forth  a  powerful 
mtractiou.  In  the  living  Human  Body  the  exciting  force, 
■or  shmnhfitf  acting  n|>on  a  muscle  in  almost  invariably  a 
HfrvoHs  impulse,  a  molecular  movement  transmitted  along 
the  nerve-fibi-es  attached  to  it,  and  upsetting  the  cf|uili- 
brmm  of  the  mtiacle.  It  is  through  the  nerves  that  the  will 
nets  upi'i;  the  muscles,  and  accordingly  injury  to  the  nerve 
of  a  part,  as  the  face  or  a  limb,  will  cause  jmralypis  of  its 
musclei*.  They  may  still  be  there,  mtact  and  quite  ready 
to  work,  but  there  aro  no  means  of  sending  commands  to 
them,  and  eu  they  remun  permanently  idle.     Although  a 
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nervons  impulse  Is  the  natnml  physiolo^cal  mnscular 
fitimiilds  it  is  not  the  only  one  known.  If  a  muscle  be 
exposed  in  a  living  uniraul  and  a  slight  bnt  sadden  tap  l>e 
given  to  it,  or  a  hot  bar  be  suddenly  brouglit  near  it,  or  an 
electric  shock  be  sent  through  it,  or  a  drop  of  glycerine  or 
of  solution  of  animonin  be  placed  on  it,  it  will  contract;  so 
that  in  addition  to  the  natural  nervou*>  gtimuluK,  niuyck^s 
are  irritable  under  the  influence  of  nicclianiual,  thermal, 
eleetncal,aud  chemical  stimuli.  One  condition  of  the  ef- 
ficacy of  all  of  them  is  that  tliey  shall  art  with  pome  sud- 
denness; a  very  slowly  increa>ied  pressure,  even  if  uhimutely 
very  great,  or  a  very  slowly  raised  temperature,  or  a  slowly 
increased  electrical  current  paiwed  through  it,  will  not  ex- 
cite the  muscle;  ult  hough  far  less  pressure,  warmth,  or 
electricity,  more  rapidly  applied  would  stimuhite  it  power- 
fully. It  may  [jerhape  still  be  objected  that  it  is  not  proved 
that  any  of  these  stimuli  excite  the  muscular  fibres,  and 
that  in  all  these  cases  it  is  }K)S8ible  that  the  muscle  is  only 
excited  through  its  nerves.  Fur  llie  various  stimuli  named 
above  also  excite  nerves  (see  Chap.  XIII).  iind  when  wu  ap- 
ply them  to  the  muscle  wc  may  really  he  acting  first  upon 
the  fine  nerve-endings  there,  and  only  itidirectly  and 
through  the  mediation  of  these  upon  the  muscular  fibres. 
That  the  muscular  fibres  have  a  proper  irritability  of 
their  own,  independently  of  their  nerves,  is,  however,  shown 
by  the  action  of  certain  drugs — for  example  curari,  a  South 
American  Indian  arrow  poison.  When  this  substance  is 
introduced  into  a  wound,  all  the  striped  muscles  are 
apparently  poisoned,  and  the  animal  dies  of  suffocation 
because  of  the  cessation  of  the  breathing  movements.  But 
the  poison  does  not  really  act  on  the  muscles  theiuM'lves: 
it  kills  the  muscle  nerves,  but  leaves  the  muscle  intact;  and 
it  kills  the  very  endings  of  the  muscle-nerves  right  down 
in  the  muscle  fibres  themselves.  Now  after  its  administra- 
tion we  still  find  that  the  various  non-physiological  stimuli 
referred  to  above  make  the  muscles  contract  just  as 
powerfully  as  before  the  poisoning,  so  we  must  conclude  that 
the  muscles  themselves  are  irritable  in  the  absence  of  all 
nerve  stimuli — or,  what  amounts  to  the  same  thing,  when 
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nerre-fibres  have  l>e€n  poisoned.     The  experiment 

rs  thiit  the  cuntructility  of  a  miiitcle  is  a  pro]>erty 

Monging  to  itoelf.  and  that  \{a  cuntracting  force  is  not 

■  something  derired  from  the  nerves  attached  to  it.  The 
norre  stimulus  simply  act«  like  the  electric  shock  or  sadden 
blow  and  arooses  the  muscle  to  manifest  a  pro])erty  which 
it  already  poaeeeses.  The  older  phy^iologi^tti  seeing  Uiat 
mnscnlar  paralysis  followed  when  the  nervous  eounectiou 

I  between  a  mnscle  and  the  brain  was  interrupted*  concluded 
that  the  nerves  gave  the  maitcles  the  power  of  contracting. 
They  believed  that  in  the  brain  there  was  a  great  store  of 
II  mysterious  thing  called  rifal  spintSt  und  that  some  of 
this  was  ejected  from  the  brain  along  the  nerve  to  the 
muscle,  when  the  latter  was  to  be  set  at  work,  and  gave  it 
its  working  power.  We  now  know  that  such  is  not  the 
case,  but  that  a  muscle  fibre  is  a  collection  of  highly  irrita- 
ble material  which  can  have  its  equilibrium  upset  in  a 
definite  way,  causing  It  to  change  its  shape,  under  the  influ- 

Icnce  of  slight  disturbing  forces,  one  of  which  is  a  ner- 
▼ous  impulse  ;  and  since  in  the  Botly  no  other  kind  of 
stiznulus  asu&Uy  reaches  the  muscles,  they  remain  at  rest 
when  their  nervous  connections  are  severed.  But  the 
muscles  j^aralyzed  in  this  way  can  ntill,  in  the  living  Body, 
be  maile  to  contract  hy  sending  electrical  shocks  through 
them.  Physiologically,  then,  muscle  is  a  contractile  and 
irritable,  but  not  automatic  tissue. 

I  A  Simple  Muscular  Contraction.  Most  of  the  details 
ooncerniiig  the  physiological  prujicrtics  of  muscles  have 
been  studied  on  those  of  cold-blooded  animals.  A  frog*8 
mnscle  will  retain  all  its  living  proj>erties  for  some  time 
after  removal  from  the  body  of  the  animal,  and  so  can  be 
experimented  on  with  eu,se,  while  the  muscles  of  a  rabbit 
or  cat  soon  die  under  those  circumstances.  Enough  has* 
however^  been  observed  on  the  muscles  of  the  higher  ani- 
mals to  show  that  in  all  essentials  they  agree  with  those  of 
the  frog  or  terrapin, 
H  Wiien  a  single  electric  shock  is  sent  through  a  muBcle  it 
™  rapidly  shortens  and  then,  if  a  weight  he  hanging  on  it, 
rapidly  lengthens  again.     The  whole  scries  of  phenomena 
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from  the  moment  of  stimulatioa  until  the  mnsclo  regains 
iie  resting  form  is  known  us  a  •*  simple  muKfuiar  roniraction" 
or  a  '*•  iwitt'h."  It  <x*cupie8  in  tlie  frog  about  one  tenlh  of 
II second  and  is  se{Miruble  into  three  portions  First,  there 
elaspcs  u  time,  after  the  stimuhition  and  bclore  the  com- 
meucemcut  of  the  ghortening,  which  is  known  a«  the  **  lost 
time"  or  l\iG  period  of  hfent  exrihmenf.  This  lasts  about 
one  hundredth  of  a  second,  and  represents  the  time  during 
whicli  molecular  changes  preparatory  to  the  contraction  arc 
taking  place  in  the  muscle  fibres.  Then  follows  the  short- 
ening, at  tirst  slow,  then  rapid,  then  slower  ugain  up  to  a 
maximum,  and  occupying  rather  more  than  half  of  the  re- 
maining time;  the  elongation  occupies  the  remainder  of  the 
time  tjiken  up  in  the  contraction.  In  warm-hlooded  ani- 
mals, the  duration  of  a  simple  muscular  contraction  is  even 
less  than  one  tenth  of  a  second  and  tdl  its  stages  are  quick- 
ened. In  any  given  animal^  cold  increases  the  time  taken 
in  a  muscular  contraction  and  also  impairs  the  contractile 
power,  as  we  find  in  our  own  limbs  when  "numbed"  with 
cold.  Moderate  warmth  on  the  other  hand  (up  to  near 
the  point  at  which  heat-rigor  is  produced)  diminishes  the 
duration  of  the  contraction:  so  that  the  molecular  changes 
in  a  muscular  fibre  are  clearly  euiiuently  susceptible  to  slight 
ohnnges  in  its  environment.  'I'he  contractility  of  a  muscle 
does  not  depend  ujwn  a  vital  force,  entirely  distinct  from 
ordinary  inanimate  forces^  but  upon  an  arrangement  of  its 
material  elements,  which  is  only  maintained  under  cer- 
tain conditions  aiid  is  eminently  modifiable  by  the  siu'- 
roundings. 

Fhyaiologioal  Tetanus.  It  is  obvious  that  the  ordinary 
movements  of  the  Body  are  uot  brought  about  by  such  tran- 
sient muscular  contractions  as  ihoHC  described  in  the  last 
paragraph.  Even  a  wink  lasts  longer  than  one  tenth  of  n 
second.  Our  movcmeutsarc.  in  fact,  due  to  more  prolongetl 
contractions  which  maybe  described  as  consisting  of  several 
simple  twitches  fnsed  together,  aiui  known  as  *^  tetanic 
it  might  be  better  to  call  them  **  compound 
n  word  tetanus  has  long  been  used 
fy  a  diseased  stale^  such  as  occurs 
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in  fitrjchDUie  podaoning  and  iinix«|iliofaia,  in  tIimA  aoBt  «f 
thx  muscles  at  tbc  Budjr  are  thnrra  into  prolon^ad  and 
powerful  itiToluiiuxy  oonttscUooa. 

If.  while  a  frog's  oraade  ia  atiQ  Bfaocteaiifegaiider  the  in- 
fluence of  ODO  clectnc  shock,  another  ttinialas  bo  girea  it, 
it  will  wntrac't  >gsin  And  the  nev  contraction  will  he  added 
ou  to  that  alreadv  existing,  withou:  adj  penod  of  dongatioa 
occurriDg  MwecQ  them.  White  the  miucle  ia  euU  con- 
tracting under  the  infloenoe  of  the  Aecund  stimalna  a  third 
elCL-tric  shock  will  make  it  oontxa^-t  moro»  and  so  on,  unti] 
tiio  muscle  ls  ^hoiteucd  as  much  a^  is  possible  to  it  for  that 
fitrcugth  of  stimulus.  If  now  the  stimuli  be  repeated  at 
ibo  proper  intorvuls,  eaeh  new  one  will  not  produce  any 
further  shortening,  but,  each  acting  on  the  muscle  before 
the  effei't  of  the  lust  hns  begun  to  pass  off,  the  musde  wdl 
be  kept  m  a  state  of  permanent  or  ^'  teta&nic**  contxactiou; 
and  this  can  be  maintained,  by  continuing  the  stimuli,  until 
the  orgun  begins  to  get  exhausted  or  "  fatigued'*  and  it 
then  commences  to  elongate  in  spite  of  the  stimulation. 
When  our  muscles  are  stimulated  in  the  Body,  from  the 
ncrve-eeutres  tbrough  the  nerves,  they  receive  from  the  lat- 
ter about  20  stimuli  in  a  second,  and  so  are  thrown  into 
tetanic  contractions.  In  other  words,  not  even  in  the 
mot^t  rapid  movements  nf  the  Body  is  a  muscle  made  to 
execute  a  siui)>lc  muscular  contraction;  it  is  always  a 
longer  or  a  shorter  tetanus.  When  very  quick  movements 
are  executed,  as  in  performing  rapid  passages  on  the  piano, 
the  result  le  obtained  by  contracting  two  oppo^in^  muscles 
and  alternately  strengthenmg  and  weakening  a  little  the 
tetanus  of  eai^h. 

Causes  aSeoting  the  Begree  of  Muscular  Contraction. 
The  extent  of  shortening  which  can  be  calleil  forth  in  a 
muscle  varies  with  the  ptimuhis.  In  the  first  place,  a 
emgle  ?timuhi?  can  never  rnnse  a  muscle  to  c/»ntraet  so 
much  u;^  "Vapidly  repeated  stimuli  ot  the  same  strength— 
since  in  the  Jiitlcr  case  we  get,  ns  already  explained,  Heveml 
simple  contraction-*  such  as  n  single  stimulus  would  call 
forth,  piled  on  the  top  of  one  another.  Wiih  very  power- 
ful repeated  electncal  stimuli  a  muscle  can   bo  made  to 
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$\u>xUsn  to  on#  tfiird  of  iU  rorting  length,  but  in  the  Bodj 

the  HtrMriK<*»tt  effort  of  the  will  neTcr  producics  a  fvmtrar- 
tion  of  liittt  *'xU»Mt.  A[iurt  from  the  rate  of  stimulation. 
Ih^  Htrc>tigth  of  tho  Ktimaltu  ha«  some  influence^  a  greater 
ftimuitu  f'auNing  u  greater  contraction;  but  verr  soon  a 
jioiut  itf  retw.biMl  after  which  increasing  the  rtiroulns  pro- 
*luc»'«  no  incn^mted  contr»<.'tion;  the  mnwle  has  reached 
itx  limit.  Th(!  amount  of  load  carried  by  the  mufti;!e  {or 
tho  reniiftanci)  opposed  to  ita  (ihortcning)  \\xkf>  ulso  an  in  flu- 
6ue«,  mid  that  in  a  very  n^murkjible  way.  Suppose  we 
bftve  «  frog'H  ruif-muMd(%  carrying  no  weight,  and  find  that 
with  a  ntiniiiluM  of  a  rcrtjiin  atrength  it  shorLenH  two  milli- 
motcrN  (,>,  incii).  Then  if  we  hang  one  gram  (15.5  grains) 
on  it  and  give  it  the  Haute  HtimuluH.  it  will  be;  f<fund  to  con- 
tracl.  more,  nuy  four  or  tivc  millimeters,  and  po  on,  up  to 
the  poihl  when  it  carries  eight  or  ten  grams.  After  that 
an  hicreoMcd  wuight  will,  with  the  same  stimulus,  cause  a 
leuM  conlnu'lion.  So  that  up  to  a  certain  limit,  resistance 
to  llitf  rth<*riei)irij;  of  the  miiacle  makes  it  mare  able  to 
nhorten:  the  men>  gn'aler  extension  of  the  mu£cle  due  to 
tht)  greater  it^HiHtanee  op^u^seit  to  it8  shortening,  puts  it  into 
tt  sIbIo  in  wluch  it  is  able  to  contract  more  powerfully. 
KutigiKi  dimini!*hrH  ihc  working  |H)wer  of  a  muscle  nnd  rest 
roiitoro!*  it,  esiiecially  if  the  circulation  of  the  blood  be  going 
on  iu  it  at  the  same  timo.  A  frog's  muscle  cut  out  of  the 
body  will,  however.  In*  considerably  restored  by  a  period  of 
rent.  evoM  nllhoiigh  no  hhHut  Hows  through  it, 

Tho  MfHMuro  of  Muaoular  Work.  The  work  done  by 
a  n»ujiclein  a  gtven  conlraclion.  when  it  lift*?  a  weight  verti- 
cally agaiiiHt  gravity,  ismeasui-ed  by  the  weight  moved,  mul- 
tiplioii  by  the  di(*tAnce  thnnigh  which  it  is  moved.  In  the 
aUtve  ciiM^  when  the  mu:ude  contracted  tarrying  no  load  it 
did  wry  htlle  work,  lifting  only  its  own  weight;  when 
londeil  with  one  g mm  and  lifting  it  five  millimeters  it  did 
fk\t  gnun-Diilllmetora  of  work.  Ju5t  as  an  engineer  would 
MIT  an  rngiiM»  had  dom^  S4»  many  kilograrometers  or  foot- 
pitMuda.  If  loaded  with  ten  grams  and  lifting  it  5ix 
miilim«>t«r»  it  vrouUl  do  «ixty  gram-mdlimeter»  of  work. 
fiwtt  ntfter  tho  w«ight  beoomos  »o  great  that  it  i^  lifted 
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through  &  less  disUoce^  the  work  done  by  the  muBcle  gx>es 
on  increaaing.  for  the  bigger  weight  lifted  more  than  com- 
poosates  for  the  le«s  distance  through  whtch  it  \&  ruised. 
For  example,  if  the  above  muticle  were  hmdod  with  lifty 
grama  it  woaJd  muybe  lift  that  weight  only  1.5  millime- 
tera,  bat  it  would  then  do  Beventy-fivc  gmm- mil  11  meters 
of  work,  which  is  more  than  when  it  lifted  ten  grams  six 
millimeters.  A  load  18.  however,  at  last  reached  with 
which  the  muscle  does  less  work,  the  lift  becoming  very 
little  indeed,  until  at  last  the  weight  becomes  so  great  that 
the  muijcle  cannot  lift  it  all  and  so  does  no  work  when 
stimulated.  Starting  then  from  the  time  when  the  muscle 
carried  no  load  and  did  no  work,  we  pass  with  increasing 
weightai,  through  phases  in  which  it  does  more  and  more 
work,  until  with  one  particular  load  it  does  the  greatest 
amount  possible  to  it  with  that  stimulus:  after  that,  with 
iDoreasing  loads  less  work  is  done,  until  finally  a  load  ia 
reached  with  which  the  mnscle  again  does  no  work.  What 
is  true  of  one  muscle  is  uf  course  true  of  all,  and  what  is 
tme  of  work  done  against  gravity  is  true  of  all  muscular 
work.,  so  that  there  is  one  jirecise  load  with  which  a  beast 
uf  burden  or  a  man  can  do  the  greatest  possible  amount  of 
vork  in  a  day.  With  a  lighter  or  heavier  load  the  distance 
through  which  it  can  be  moved  will  be  more  or  less,  but 
the  actual  work  done  always  less.  In  the  living  Body,  how- 
erer,  the  working  of  the  muscles  de]>ends  so  much  on  other 
things,  as  the  due  action  of  the  circulatory  and  respiratory 
systems  and  the  ner\*ous  energy  or  ••grit"  (upon  which 
the  stimulation  of  the  muscles  depends)  of  the  individual 
man  or  Ix^aet.  that  the  greatest  amount  of  work  obtainable 
IB  not  a  simple  mechanical  problem  as  it  is  with  the  excised 
muscle. 

Influenoe  of  the  Form  of  the  Bluscle  on  ita  Working 
Power.  The  amount  of  work  that  any  muscle  can  do  de- 
pends of  course  largely  upon  its  physiological  state;  a 
healthy  well-nourished  muscle  can  do  more  than  a  dis- 
tUfA  or  starved  one;  but  allowing  for  such  variations  the 
H^&Xvhich  can  l)c  done  by  a  niuhcte  varies  with  its  form. 
The  thicker  the  muscle,  that  is  the  greater  the  number  of 
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fibres  present  in  a  sectiou  mude  across  the  long  axes  of  the 
faficiculi,  the  greuter  the  load  that  can  be  lifted  or  the  other 
resistance  that  can  bo  overtome.  On  the  other  liaud,  the 
extent  through  which  a  mnscle  can  move  a  weight  lu- 
crcaties  with  tlic  length  of  itf^  fasciculi.  A  muscle  a  foot  m 
length  can  contract  more  than  a  muscle  six  inches  long,  and 
HO  would  move  n  hone  through  a  grt*ater  ditftance.  pro>ided 
the  resistance  were  m»t  too  ;;rcat  for  its  strength.  Btit  if 
the  shorter  mnscle  had  double  the  thickness,  then  il  could 
lift  twice  the  weight  that  the  longer  mnscle  could.  We 
find  in  the  Body  muscles  constructed  on  both  jilan^;  some  to 
have  a  great  range  of  movement,  others  to  overcome  great 
rcsistaiK'C,  l»esidc8  numerous  intermediate  forms  which 
cannot  l>e  culled  either  long  and  slender  or  ^hort  and  thick; 
many  short  muscles  for  example  are  not  sfwcudly  thick, 
but  are  short  merely  Inicause  the  parts  on  which  they 
act  lie  near  together.  It  must  be  borne  in  niiud,  too,  that 
many  apparently  long  muscles  are  really  short  st(»ut  ones^ — 
those  namely  in  which  a  tendon  runs  down  the  side  or 
middle  of  the  muscle,  and  has  t)ie  fibres  inserted  obliquely 
into  it.  The  myxmXQ  (gastrocnemius)  in  the  calf  of  the  leg 
for  instance  (Fig.  50,  l)  is  really  a  short  stout  muscle,  for 
itff  working  length  depends  on  the  length  of  its  fasciculi 
and  these  arc  short  and  oblique,  while  its  true  cross-section 
is  that  at  right  angles  to  the  fasciculi  and  is  very  large.  The 
force  with  which  a  muscle  can  shorten  is  very  great.  A 
frog's  muscle  of  1  stpiare  centimeter  (0.39  inch)  in  section 
can  just  lift  2800  grams  (98.5  ounces),  and  a  human  muficle 
of  the  same  area  more  than  twice  as  much. 

MuACular  Elaatiaity.  A  clear  distinction  must  be  made 
i>olw<'cn  elasticity  and  contractility.  Elasticity  is  a  physi- 
cal property  of  matter  in  virtue  of  which  various  bodies 
tend  to  assume  or  retain  a  certain  shape,  and  when  re- 
moved from  it  forcibly,  to  return  to  it.  AVhen  a  spiral 
steel  spring  is  stretched  it  will,  if  let  go.  "contract"  m  a 
certain  sense  in  virtue  of  its  elasticity,  but  such  n  contrac- 
tion is  clearly  quite  different  from  a  muscular  contraction. 
The  spring  will  only  contract  as  a  result  of  previous  distor- 
tion; it  cannot  originate  a  change  of  form,  while  the  mns- 
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It,  and  that  wiihout  Ix-ing  previously  strotchwl. 

It  does  not  merely  leud  to  return  to  a  natural  shape  from 

which  it  lias  been  reniuv^Hi,  but  it  assumes  u  quitv  new 

latuni]  5ha|>c,  so  that  physiological  contractility  is  a  differ- 

[ent  thing  from  mere  phyairal  elafclicity;  the  e^hcntial  diffcr- 

ince   being   that    the    loilctl   8priug  or  a   stretched    band 

»n1y  givcd  back  mechanicjU  work  which  haa  already  been 

ij>ent  on  it,  while  the  mu^scle  originates  work  independ- 

[ently  of  any  previotu  mei'hunical  Htretehing.     In  addition 

[o   their  contractility,  however,  muscles  arc   highly  elastic. 

f  a  freflh  muiK:Ic  l>e  hung  up  and  it«  length  measured. 

ind  thoD  a  weight  be  hung  u|>on  it,  it  will  etretch  jctst  like 

!i  piece  of  indian-rubl)cr.  and  when  the  weight  is  itimoved, 

j>rovided  it  ha^^  not  been  so  great  as  lo  injure   the  muscle. 

^bthe  latter  will   return   |lasl^iYe]y,  witluiut  any  stimulus  oi 

™  active  contraction,  to  its  original  form.     In  the  Body  all 

the  muscles  are  so  attached  that  tlioy  are  usually  a  little 

I  stretched  beyond  their  natural  resting  length;  so  that  when 
n  limb  is  amputated  the  muscles  divided  in  the  stump 
shrink  away  considerably.  By  this  stretched  state  of  the 
resting  elastic  muscles  two  things  are  gained.  In  the  first 
place  when  the  muscle  contracts  it  is  already  taut,  there 
IS  no  **  slack"  to  be  hauled  in  before  it  pulls  on  the  parts 
attached  to  its  tendons:  and,  secondly,  as  wc  liave  already 
seen  the  working  newer  of  a  muscle  is  increased  by  the 
presence  of  some  resistiince  to  its  contraction,  and  this  is 
always  provided  for  from  the  first,  hy  having  the  origin  and 

I  insertion  of  the  muscle  so  far  apart  as  to  be  pulling  on 
it  when  it  begins  to  shorten. 
Physiology  of  Plain  Muaoular  Tiaaue.  What  has  hith- 
erto been  said  applies  especially  to  the  skeletal  mupcles:  but 
in  the  main  it  is  true  of  the  unstriped  muscles.  These 
also  are  irritable  and  contractile,  but  their  changes  of  form 
are  much  more  slow  than  those  of  the  striated  fibre.?. 
Upon  srimuldtion,  a  longer  period  of  latent  excitement 
clapaes  before  the  contraction  commeneea,  and  when  finally 
this  takes  place  it  is  extremely  slow,  verv  gradually  attain- 
ing a  maximum  and  then  gradually  dpiig  away  again. 
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There  seems  in  fnot  to  ho  some  connection  hctween  that  ar- 
rangement of  the  contractile  Piihstance  which  shows  \Xse\t 
under  the  microscope  aa  striation  and  ihe  power  of  ra|>id 
contraction,  since  we  find  that  the  heart,  which  is  not  a 
skeletal  or  voluntary  muscle  but  vut  one  that  contracts  rap- 
idly, agrees  with  these  in  having  it-s  fibres  striated. 

Hygiene  of  the  Musolea.  The  healthy  working  of  Ihe 
muscles  noetis  <>f  luursc  a  healthy  state  of  the  Body  gener- 
ally, 80  that  they  shall  be  sujjplied  with  proper  materials 
for  growth  and  repair  and  have  their  wai^tps  rapidly  and 
efficiently  removed.  In  other  words,  good  fuod  jmd  pure 
air  are  necessary  for  a  vigorou>J  miiscuhir  system,  a  fact 
which  trainers  recognize  in  insisting  upon  a  strict  dietary, 
and  in  supervising  generally  the  mode  uf  life  of  those  who 
arc  to  engage  in  athletic  contests.  The  muscles  should  also 
not  be  cipoaed  to  any  considerable  continued  pressure  since 
this  interferes  with  the  flow  of  blood  and  lymph  through 
them. 

As  far  as  the  muscles  themselves  are  directly  concerned, 
exercise  is  the  tiecessary  condition  of  their  best  develop- 
ment. A  muscle  which  is  j)ermunently  unused  degenerates 
and  is  absorbedr  little  finally  being  left  but  the  connective 
tissne  of  the  organ  and  a  few  muscle  fibres  filled  with  oil- 
drops.  This  is  well  seen  in  cases  of  paralysis  dependent 
on  injury  to  the  nerves.  In  such  cases  the  muscles  at  first 
may  themselves  be  jwrfectly  healthy,  but  lying  unused  for 
weeks  they  rapidly  alter  and, finally,  when  tin*  ncnous  in- 
jury has  Wn  healed,  the  mn^clcs  may  be  found  incapa- 
ble of  functional  activity.  The  physician  therefore  is  often 
careful  to  avoid  this  by  exercising  the  paralyzed  muscles 
daily  by  means  of  electrical  shocks  sent  through  the  part. 
The  same  fact  is  illustrateil  by  the  feeble  and  wasted  condi- 
tion of  the  muscles  of  a  limb  which  has  been  kept  for  some 
time  in  splints.  After  the  latter  have  been  removed  it  is 
only  slowly,  by  judicious  and  persistent  exercise,  that  the 
long  idle  mnpclcp  repain  their  former  size  and  power.  The 
great  muscles  of  the  ''brawny  arm**  of  the  blacksmith  or 
wrefttler  illustrate  the  reverse  fact,  the  growth  of  the  mas- 
des  by  exorcise.     Exorcise,  however,  must  be  judicious;  re- 
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^^AMigdly  continued  nntil  exhaustion  it  does  harm;  the  period 

^^PHHIfttr  IS  not  ^tittifient  to  allow  replacement  of  the  parts 

f         nsed  in  work,  and  the  muscles  thu8  waste  under  too  violent 

exercise  as  with  too  little.     Rest  should  alternate  with  work, 

Mid  that  re^Iarly,  if  benefit  is  to  be  obtained.      Moreover 

^K    violent  exercise  should  never  be  suddenly  undertaken  hy 

^M   one  unused  to  it,  not  only  lest  the  muscles  suffer  but  he- 

^M   caase  mnscnhu*  work  greatly  increases  the  work  of  the  heart, 

^^    not  only  because  more  blood  has  to  be  sent  to  the  muscles 

themselves,  but  they  produce  great  quantities  of  carbon 

dioxide  which  must  be  carried  off  in  the  blood  to  the  lungs 

j^^    for  removal  from  the  Body,  and  the  heart  must  work  harder 

^P  to  send  the  blood  faster  throngh  the  lungs  and  at  the  same 

^^  time  the  breathing  be  h::jtened  so  as  to  renew  the  air  in 

I  those  organs  faster.     The  least  evil  result  of  throwing  too 

riolent  work  on  the  heart  and  lungs  in  this  way,  is  repre- 

^_    sented   by  being  '*  out  of  breath,"  which  is  advantageous 

^B  insomuch  &.«  it  may  lead  to  a  cessation  of  the  exertion.  But 

1^^    much  more  serious,  and  sometimes  permanent,  injuries  of 

I  either  the  circulatory  or  respiratory  organs  may  be  caused 
by  violent  and  prolonged  efforts  without  any  previous  train- 
ing.    No  general  rule  can  be  laid  down  as  to  the  amount 
of  exercise  to  be  taken;  for  a  healtliy  man  in  business  the 
miniranm  would  perhaps  be  represented  by  a  daily  walk  of 
five  miles. 
Varieties  of  Exercise.    In    walking   and   running   the 
mufirles  chiefly  employed  are  these  of  the  lower  limbs  and 
ji         trunk.     This  ia  true  also  of  rowing,  which  when  good  is 
^m   performed  much  more  hy  the  legs  than  the  arms:  especially 
^H   since  the  introduction  of  sliding  seat&    Hence  any  of  these 
^1   exercises  alone  is  apt  to  leave  the  muscles  of  the  chest  and 
['        arms  imperfectly  exercised.     Indeed  no  one  exercise  em- 
ploys equally  or  proportionately  all  the  muscles:  and  hence 
gymnnasia  in  which  various  feats  of  agility  are  practiced, 
80  as  to  call  different  parts  into  play,  have  attained  a  great 
I  popularity.     It  should  be  borne  in  mind  however,  that  the 

1^  especially  need  strength;  while  the  upper  limbs,  in 
which  delicacy  of  movement,  as  a  rule,  is  more  desirable 
than  power,  do  not  require  such  constant  exertion;  and  the 
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fact  that  grmnastic  exercises  are  commonly  carried  on  in- 
d(Xjri»  iH  a  gveut  drawback  to  their  value.     Wlieii  tiio  woathcr- 
pcrmiU,  out-of-door  exercise  is  far  better  thai»  that  carriei 
oti  in  oven  the  be^t  ventihited  and   lighted   g}nlna«^)^nl. 
For  thooe  who  are  bo  fortunate  lis  to  possess  a  gaiilen  tJiero-' 
18  no  better  exercise,  at  suitable  seatious,  than  an  hour's 
daily  digging  in  it;  sini'e  this  calln  into  play  noarlv  all  the, 
muscles  of  the  Body:  while  of  games,  the  moilcrn  one  ot-'^ 
]awn  tcnniH  i^  perha[>!i  the  bc^^t  from  a  hygienic  view  that 
hii8  ever  U-cn  iniruducedj  since  it  not  only  demands  great 
niuflculai'  agility  in  every  pan  of  the  B«idy,  but  imins  the 
Lund  to  work  with  the  eye  in  a  way  that  walking,  running, 
rowing  and  similar  pursuits  do  not.     For  the  same  reasons 
bafiebally  cricket.,  and  boxing  arc  excellent. 

Exerdfle  in  In&ncy  and  Childhood.  Young  children 
have  nut  only  to  strengthen  their  muscles  by  exercise  but 
also  to  learn  to  use  them.  Watch  an  infant  trying  to  con- 
voy something  to  its  mouth,  and  you  will  see  how  little 
conti-ol  It  Inw  over  its  muscles.  On  the  other  hand  the 
healthy  infant  is  never  at  rest  when  awake;  it  constantly 
throws  its  limbs  around,  grasps  at  all  objects  withm  its 
reach,  coils  itself  about,  and  so  gradually  learns  to  exer- 
cise its  powers.  It  is  a  good  plan  to  leave  every  healthy 
child,  more  than  a  few  months  old.  several  times  daily  on 
a  large  i>cdor  even  on  a  rug  or  caqn-ted  floor,  with  as  little 
covering  as  is  safe  and  that  as  loose  as  possible,  and  let  it 
wriggle  about  as  it  plejiscs.  In  this  way  it  will  not  only 
enjoy  itself  thoroughly,  but  gain  strength  and  u  knowledge 
of  how  to  use  its  limbs.  To  keep  a  healthy  child  swatlied 
all  day  in  tight  and  heavy  clothes  is  cruelty. 

When  a  little  later  the  infant  commences  to  crawl,  it  is 
enfc  to  j>ermit  it  as  much  as  it  wishes;  but  unwise  to  tempt 
it  wiien  di:rinclined.  The  l>ones  and  muscles  are  still  fecv 
ble  and  may  be  injured  bv  too  much  work.  The  same  ia 
true  of  commencing  walking. 

From  four  or  five  to  twelve  years  of  age  almost  any  form 
of  exercise  should  \h\  jwrmittcd,  or  even  encouraged.  At 
this  time*  however,  the  cpiphy&ea  of  many  bones  are  not 
firmly  united  to  their  shafts  and  so  anything  tending  to 
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throw  ttio  ^TOJit  %  sirain  on  itio  joints  plioiild  be  avoided. 
Afl^r  tliat  tip  mcommcnriii^  nmnluKxl  or  niiHdfnho<Hl  miy 
kind  of  outdoor  cxoroipie  fur  hoaJtliv  ]»on*niis  iri  g*>od»  and 
girls  are  all  the  better  for  l»ein^  Rllowe<l  to  join  in  their 
brothers'  sporU.  Half  of  the  dobilityuud  gt'tioml  ill-heulih 
of  BO  many  of  our  women  is  de]iondcMit  \\\ha\  deficient  cx- 
ercii^e  durinjr  ehildhood,  and  the  day,  ulndi  fortunately 
0eom0  apppjachiug,  which  will  sec  dolJA  im  unknown  to.  or 
aa  despised  by.  heuliby  girltt  ad  healthv  bovK,  will  see  the  be- 
^nning  of  a  great  improvement  iu  tlio  istuminn  of  the 
fnnale  [Hirtioii  of  otn  popululion. 

Exercdae  in  Youth  Hhould  b<»  regulated  largely  by  sex; 
not  that  women  are  to  be  shnh  up  and  made  pide.  de.liciito, 
and  unfit  to  share  the  duties  or  prirtieipate  fully  in  the 
pleasures  of  life;  but  the  oilier  calls  on  the  .-'trength  of  the 
adult  woman  render  vigorous  muscular  work  often  unad- 
visJil>le,  especially  undoi'  eondinons  where  it  is  ai»t  to  be 
tollowed  by  a  cbilL 

A  healthy  l>oy  or  yoiiuir  man  may  do  nearly  »nything; 
but  nntd  tweutv-two  or  twi-nty-three  very  prolonged  effort 
IS  unudvisable.  The  fnime  i*  still  not  firmly  knit  or  as 
c:ipublc  of  endurance  iw  it  will  subsecjuently  bei'oine. 

GirU  i^lioult)  Ik*  allowiHl  to  ride  or  play  out-dof»r  game-* 
in  modeialion.  and  in  any  caMc  should  not  Ite  cribbed  in 
tight  stayK  or  tight  iKKitti.  A  tiaiinel  riies8  and  pro|H'r 
lawn-tenniK  allocs  arc  a.s  necessary  for  the  healthv  aiid  sjife- 
enjoyment  of  an  afternoon  tit  that  ^nno  bv  a  girl  ai*  they 
lU'e  for  her  hrotlier  iu  the  base-ball  field.  Kowing  »8  excel- 
let.tfor  girUif  there  beany  one  to  teach  rheni  to  do  it  prop- 
erly, with  the  leg^  and  back  and  not  with  tlie  arniit  only.  vuf. 
women  are  so  apt  to  row,  Pro|>erly  practiced  it  strengthen* 
the  back  and  improves  the  carriage. 

Exercise  in  Adult  Life.  ITp  to  forty  a  man  may  curry 
on  safoly  the  exercises  of  yonlh.  but  after  that  f^udden  ef- 
forts should  be  avoided.  A  lad  of  twenty-one  or  so  may,  if 
trained,  safely  nin  a  (luarter-mile  race,  bnt  to  a  man  of 
forty-five  it  wi>iild  be  dangerous,  for  willi  the  ngidilv  of 
the  cartilages  and  blood-vcs-jcls  which  begins  to  show  itself 
itboiit  that  time  appears  a  diminished  power  of  meeting  a 
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Bttddcn  violent  demnnd.  On  the  other  hand  the  man  of 
thirty  would  more  siifely  than  the  lad  of  ninotocn  or  twenty 
uudertako  one  of  the  long-dis-tanco  walking  niatuhcs  wliieh 
have  lately  been  in  vogue;  the  prolonged  effort  would  be 
less  dangerous  to  him,  though  a  six  days'  mateh  with  its 
attendant  loss  of  sleep  cannot  fail  to  Ix*  moi-e  or  less  dan- 
gerous to  any  one.  Probably  for  one  engaged  in  jirtivo 
business  a  walk  of  a  couple  of  miles  to  it  in  the  morning 
and  Imck  again  in  the  afternoon  is  the  best  and  most  avail- 
able exercise.  The  habit  whicli  Americans  have  everywhere 
actjuired.  of  never  walkinjf  when  they  can  take  a  horse-car, 
is  certainly  detrimental  to  the  general  health;  though  the 
extremes  of  heat  and  cold  to  which  wo  are  subject  often 
render  it  unavoidable. 

For  wonien  during  middle  life  the  same  rules  apply: 
there  should  be  some  regular  but  not  violent  daily  ex- 
ercise. 

In  Old  Age  the  needful  amount  of  exercise  is  less,  and  it 
is  still  more  important  to  avoid  sudden  or  violent  effort. 

Exeroiae  for  Invalids.  This  sliould  l>e  regulated  under 
medical  advice.  For  feeble  |>ersons  gymnastic  exercises  are 
especially  valuable,  since  from  their  variety  they  [jermit  of 
selection  according  to  the  condition  of  the  individual;  and 
their  amount  can  be  conveniently  controlled. 

Training.  If  any  |>erson  attempts  some  unusual  exer- 
cise he  soon  finds  that  he  loses  breath,  gets  perhaps  a 
"stitch  in  the  side,"  and  feels  his  heart,  beating  with  un- 
wonted violence.  If  he  j)er8evere9  he  will  probably  faint — 
or  vomit^as  is  frequently  seen  in  imperfectly  trained  men 
at  the  end  of  a  hard  boat-race.  These  phenomena  are 
avoided  by  careful  gradual  preparation  known  as  **  train- 
mg.'*  The  immediate  cause  of  them  lies  in  disturlmnpes 
of  the  circulatory  and  respiratory  organs,  on  which  excessive 
work  is  thrown. 
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The  SpociAl  Physiology  of  the  Muscles.  Having  novr 
considered  separately  tho  structure  and  properties  in  gen- 
eral of  the  skeleton,  tiip  joints,  and  thp  muscles,  we  may 
go  on  to  consider  how  they  jdl  work  together  in  the  Body. 
The  properties  of  a  muscle  for  exiimple  are  everywhere  the 
same,  but  the  uses  of  different  muscles  are  very  varied,  by 
reason  of  the  different  parts  with  which  they  are  connected. 
Some  are  muscle-8  of  respiration,  others  of  deglutition; 
many  are  known  fis  flexors  because  they  bend  joinlti,  others 
as  extensors  because  they  straighten  them,  ami  so  on.  The 
determination  of  the  exact  use  of  any  particular  muscle  is 
known  as  its  special  physiologif,  as  distinguished  from  its 
gent^ral physiolitffij,  <ir  properties  aa  a  nuisclo  without  refer- 
ence to  its  use  as  a  muscle  in  a  particulur  pljico.  The  uses 
of  those  muscles  forming  parts  of  the  physiological  mechan- 
isms concerned  in  breathing  and  swallowing  will  be  studied 
hereafter;  for  the  present  we  may  consider  tlio  muscles 
which  co-operate  in  maintaining  postures  of  tho  Body;  in 
producing  movements  of  its  parts  with  reference  to  one 
another;  and  in  producing  locomotion  or  movement  of  the 
whole  Body  with  reference  to  its  environment. 

In  nearly  all  cases  the  striped  musdca  carry  out  their 
functions  with  the  co-operation  of  the  skeleton,  since  nearly 
all  are  fixed  to  bones  ateach  end  and  when  they  contract 
primarily  move  these,  and  only  secondarily  the  soft  parts 
attached  to  iheni.  To  this  general  rule  there  are,  however, 
exceptions.  Tho  muscle  for  example  which  lifts  the  upper 
eyelid  and  opens  the  eye  arises  from  bone  at  the  back  of 
the  orbit,  but  is  inserted,  not  into  bone,  but  into  the  eyelid 
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directly ;  and  sitnilurlv  otiicr  muscles  arifiiiig  at  the  back 
of  the  orbit  arc  diitrily  fixeU  to  the  cycliall  in  front  and 
Borve  to  i-olate  it  on  tlit,*  pud  oi  Uil  ou  whioh  it  lios^.  Many 
facial  muscles  again  have  mo  direct  Htlnchmeikt  whatever  to 
bonct*.  us  for  cxuni])!**  the  muscle  (urbicuhwis  ori»)  which 
surrounds  the  mouili-ui>cning  ami  by  iti^  contraction  nar- 
rows it  and  jmrses  out  the  ]i|t!!;  or  the  othicularis  palpc- 
brnrum  whicli  Biniihirly  surrounds  tlie  eyes  and  wlicn  it 
contract-H  closes  them. 

Levers  in  the  Body.  When  the  muscles  serve  to  move 
bones  tlie  latter  are  in  nearly  ull  cages  to  be  regarded  as 
levers  whoso  fnlcni  lie  at  tlie  joint  where  the  movement 
takes  phice.  Examples  of  all  the  three  forms  of  levers 
recognized  in  meclianics  are  found  in  the  Hunum  Hody. 

Levers  of  the  First  Order.  In  this  form  (P'ig.  56)  the 
fulcrumor  tixed  pointof  support  lies  betweeu  tlie  '"  weight'' 
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or  rcsistauce  to  be  overcome,  and  tlie  '■  jiower"  or  moving 
force,  as  ghown  in  the  diagram.  The  distatice  PF,  from 
the  power  to  the  fulcrum,  is  cjdlcd  tlic  '*  powcr-unn;"  the 
dit^tance  FW  is  the  weight-ai*m,  Wiicu  power-arm  aud 
weight-arm  arc  etjuul,  us  is  the  case  in  the  beam  of  an  ordi- 
nary pair  of  wales,  ho  mechanical  advantage  is  gained.  i\ov 
is  there  any  loss  or  gain  in  the  distance  through  which  the 
weight  is  moved.  Tor  every  inch  through  which  P  is  de- 
pTOssed,  W  will  be  raised  an  eijual  distancH>.  When  the 
|»owcr-arm  is  longer  than  the  other,  tiien  u  smaller  force  at 
P  will  raise  a  lart'cr  weight  at  U",  the  gain  being  propor- 
titmate  to  the  difference  in  the  lenglhtf  of  the  arms.  For 
ew  '  '  FF  is  twice  us  long  as  FH\  tlien  half  u  kilo- 
at  P  will  balance  u  whole  kiloerutn  ni  W,  and 
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jnst  more  than  hnlf  n  kilogram  would  lift  it;  bnt  for  every 
centimeter  ttirougli  which  /'  dcsceiuled.  W  wotiM  only  l>e 
■lifte^!  hiilf  a  centimeter.  On  the  other  hand  when  tho 
weight-arra  in  u  lover  ia  longer  th;in  the  |K)wcr-iirm*  there 
is  lo&s  in  force  but  a  gain  in  the  distance  through  which 
the  wciglit  is  nioved, 

Ksanipie:!'  of  the  first  form  of  lever  tire  not  numerous  in 
iho  Ihimtin  Body.  One  is  afforded  in  the  nodding  move- 
ments of  the  head,  the  fnlcrnm  being  the  articulations 
between  the  ^knll  and  the  atla;^.  When  the  chia  is  elevated 
the  power  is  apjilied  to  the  i^kull.  behind  the  fulcrum,  by 
email  mu»cle.s  parsing  from  tlie  vertebral  column  to  the 
occiput;  the  resistance  is  the  excesn  in  the  weight  of  the 
part  of  the  head  m  front  of  the  fulcrum  over  that  behind 
It.  and  IS  not  great.  To  dc])reHs  the  chin  as  in  nodding 
does  not  necej^ird)  L-all  for  any  muHCular  effort,  as  the 
head  will  fall  forward  of  itself  if  the  rausclcii  keeping  it 
erect  cease  to  work,  hh  thi»sc  of  uh  who  have  fntlen  asleep 
doringadiill  diwoursfron  ahot  day  have  learnt.  If  the  chin 
liowever  l>e  de]ircsw?d  forcibly,  aa  in  the  athletic  feat  of 
flUjipending  one's  self  by  the  chin,  the  muscles  passing  from 
tiie  chest  to  the  skull  in  front  of  the  atlanto-occipital  artic- 
ulation are  called  into  play.  Another  example  of  the  em- 
ployment of  the  lirst  form  of  lever  in  tho  Body  is  afforded 
by  the  curtsey  with  which  a  lady  salutes  another.  In 
cnrt-seying  the  trunk  i«  bent  forward  at  the  hip-joints, 
which  form  the  fulcrum;  the  weight  is  that  of  the  Inink 
acting  as  if  all  concentrated  at  its  centre  of  gravity,  which 
hes  a  little  above  the  Hacrum  and  behind  the  hip-joints; 
and  the  power  is  afforded  by  muscles  passing  from  the  thighs 
to  the  front  of  the  |>clvis. 

Lovers  of  the  Second  Order.  In  this  form  the  weight 
or  resistance  i-s  Itelwceii  the  pow<>r  and  the  fulcrum.  The 
power-arm  y^ia  always  longer  than  tho  Weight-arm  WF, 
and  so  a  comjwiratively  weak  force  can  ovrrcnme  n  consid- 
erable resistance.  Rut  it  is  disadvantageous  sip  far  ju«  re- 
gards rapidity  and  extent  of  movement,  for  it  is  obvious 
that  when  /'israij^cd  a  certain  distance  H'will  bemovedalesv 
distance  in  thesume  time.     As  an  example  of  the  employ- 
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meui  of  such  levers  (Fig.  57)  in  the  Body,  we  may  take  the 
act  of  standiiif:^  on  the  toes.  Here  the  foot  re|)re8ent«  the 
lever,  the  fulcrum  ia  at  the  cuutoct  of  itH  fure  part  with 
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T\a.  67.— A  lev^r  of  the  neoond  onler     F.  fulcrum:  P. 
Thr  arrowi  indicate  th«  direction  la  whiuh  Die  fur(.>»  act. 


power;   IT,  velirht. 


the  ground  ;  the  weight  is  that  of  the  Body  acting  down 
through  the  ankle-jointg  at  7>j,  Fig.  58;  and  the  power  is 
the  great  muHcle  uf  the  calf  acting  by  its  tendon  innerled 
into  the  heel-bune  (Coy  Fig.  58).  Another  example  is 
afforded  by  holding  up  tho  thigh  when  one  foot  is  kept 
raised  from  the  ground,  as  in  hopping  on  the  other.  Here 
the  fulcrum  is  at  the  hip-joint,  the  power  is  applied  at  the 


Tto.  M.— Th«»  «lr«>Mym  of  ttw  frvit  fmm  tlM»  Miter  side.  Tb.  MirfAfe  vlth 
whfch  OirlivboiMMUtimUte  ;  Cn.  the  r&lcftiiciim  Into  which  the  1cttdoo<frN<lo 
ArhilUa'i  of  the  euM  niMole  !■  lDMtn*'<l :  M^.  the  metAlAnaJ  boiM  of  ch<>  Afth 
dliht;  'VUie  ttvMA  boo«;  C/,  C7/,  Vlll,  flrat.  nooad,  ud  third  «ui»olform 
i;  06,  Ibe  cunnid  hime. 


kneo-Cftp  by  «  great  muscle  {rtctus  femoris)  inserted  theie 
and  which  arisee  from  the  pelvis;  and  tho  weight  ia  that 
of  the  whulo  lower  limb  nesting  at  its  centre  of  gravity, 
which  will  lie  domewhere  in  the  thigh  between  the  hip  and 
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knee  joinU^  tliAt  u  between  the  folcmm  and  the  point  of 
application  of  the  power. 

Iierera  of  the  Third  Order.  In  the«e  (Fig.  59)  the 
power  M  between  tbe  fulcrum  and  the  weight.  In  such 
levers  the  weight-arm  is  always  longer  than  the  powers 
arm,  so  the  power  works  at  a  mechanical  disad  vantage, 
but  swiftnees  and  range  of  movement  are  gained.  It  i8 
the  lever  miwt  commonly  used  in  the  Hnman  Body.  For 
example,  when  the  forearm  is  bent  np  towards  the  arm, 
the  falcmm  is  the  elbow-joint,  the  power  is  applied  at  the 
insertion  of  the  biceps  mn.«*cle  (Fig.  49*)  into  the  radius 
(and  of  another  muscle  not  represented  in  the  figure,  the 
brachial^  anticu$,  into  the  ulna),  and  the  weight  is  that 
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ViB.  Sa— A  Irvvr  of  the  third  order.    T,  fnlcnnn ;  P,  power ;  IT,  w«lf  hi. 

of  the  forearm  and  hand,  with  whatever  may  be  contained 
in  the  latter,  acting  at  the  centre  of  gravity  of  the  whole 
somewhere  on  the  distal  side  of  the  point  of  application  o( 
the  power.  In  the  Body  the  power-arm  is  usually  very 
short  so  as  to  gain  speed  and  range  of  movement,  the  mus- 
cles being  powerful  enough  to  still  do  their  work  in  spite 
of  the  niechanical  disudvuutago  at  which  they  are  thus 
placed.  The  limbs  are  thus  made  much  mure  Kha^iely  than 
would  be  the  case  were  the  power  applied  near  or  beyond 
the  weight. 

It  is  of  course  only  rarely  that  simple  movements  as 
those  described  above  take  place.  In  the  great  majority 
of  those  executed  several  or  many  muscles  co-o|>erato. 

The  Xiosa  to  the  Musolee  ftom  the  Direotion  of  their 
Pall.     It  is  worthy  of  note  that,  owing  to  the  oblique  diroo- 
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tion  in  which  the  muscles  ore  commonly  iuBcrtcd  into  tnfl 
bonea,  much  of  their  force  ia  lost  so  far  as  producing  move- 
ment IB  concerned.  Suppose  the  lug  of  wood  in  the  diu- 
grnm  (Fig.  *>0)  to  be  rui^sed  by  pulhng  on  tho  rope  in  the 
diifction  a;  it  is  clear  at  tirst  tiiut  rho  ro|)c  will  m-t  ilI  a 
great  disadvantage;  most  of  tlio  p>ill  transmilted  by  it  will 
be  exerted  against  the  pivot  on  wliicli  tiio  h>g  hingcj?,  and 
only  a  small  fraction  be  available  for  elevating  the  latter. 
But  the  more  the  log  i8  lifted,  as  for  example  into  tht' 
position  indicated  by  the  dotted  line,  the  more  useful  will 
be  tlio  diroetiou  of  the  pull,  and  the  more  of  it  will  be  p|K'iit 
on  thf  log  and  the  less  lost  nnavailingly  in  merely  incrca.»i- 
iiig  the  pressure  at  the  hinge.  If  we  now  ijoiisider  the  ac- 
tion of  the  biceps  (Fig.  49)  in  flexing  the  elbow-joint,  we 
see  similarly   that  the  straighter  the  joint  id,  the  mure  of 


Fro.  CO.— Dt*irrun  lUustratlnfr  tht»  (llMiulvu]iaK«  of  an  oliUqup  piilL 


the  pull  of  tho  muscle  is  wasted.  Beginning  with  the  arm 
straight,  it  works  at  a  great  disadvantage,  but  as  the  fore- 
arm is  raised  the  conditions  become  more  and  more  favor- 
able to  the  muscle.  Those  who  have  pnurticotJ  the  gym- 
nastic feat  of  raigiiig  one's  self  by  bending  the  elbows  when 
hanging  by  the  hands  from  a  horizontal  bar,  know  practi- 
cally that  if  the  elhow-joinls  are  quite  straight  it  is  very 
hard  to  start;  and  that,  on  the  other  hand,  if  they  are  kept 
tt  little  flexed  at  the  beginning  the  efFort  needed  is  much 
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V  leas;  tlie  reason  bciug  of  course  the  more  advanUgcous 

^^  direction  of  traction  by  the  biceps  in  the  latter  case, 
^B  Experiment  proves  that  the  power  with  which  a  muscle 
^H  can  eontruct  is  greatest  at  the  commencement  of  its  short- 
^B  6niug.  the  very  time  ut  which,  wc  have  ju^t  neeUr  it  works 
at  most  mccbauical  disudvautage;  in  proportion  a»  itsforco 
becomes  les.s  the  conditions  become  more  favorable  to  it. 
There  is  however,  it  is  clear,  nearly  always  a  considerable 
Io8S  of  power  in  the  working  of  the  skeletal  muscles, 
strength  being  sacrificed  for  variety,  ease,  rapidity,  extent, 
and  elegance  of  movement. 

Postures.  The  terra  posture  is  applied  to  those  posi- 
tions of  equilibrium  of  the  Body  which  can  be  muintaiucd 
for  some  time;  such  as  standing,  sittings  or  lying,  com- 
pared with  leaping,  running,  or  falling.  In  all  postures 
the  condition  of  i^tability  is  that  the  vertical  hue  drawn 
through  the  centre  of  gravity  of  the  Body  phall  fall  within 
the  basis  of  support  afforded  by  objects  with  which  it  is  in 
contact;  and  the  security  of  the  posture  is  proportionate  to 
the  extent  of  thisi  base,  for  the  wider  it  is,  the  less  is  the 
risk  of  the  perpendicular  through  the  centre  of  gravity  fall- 
ing outside  of  it  on  slight  displacement. 

The  Erect  Posture.  This  is  pre-eminently  character- 
istic of  man.  his  whole  skeleton  being  mmlilied  with  refc- 
ence  to  it.  Nevertheless  the  power  of  maintaining  it  is 
only  slowly  learnt  in  the  tirst  years  after  birth,  and  for 
a  long:  while  it  is  unsafe.  And  though  finally  we  learn  to 
stand  erect  without  conscious  attention,  the  maintenance 
of  that  posture  always  requires  the  co-operation  of  niauy 
muscles,  co-ordinated  by  the  nervous  system.  The  iuflu- 
ence  of  the  latter  is  shown  by  the  fall  wliich  follows  a 
sevei*e  btownu  the  head,  which  may  nevertheless  have  f  Pic- 
tured no  bone  and  injured  no  muscle:  the  '*  concussion'*  of 
the  brain,  as  we  say/' stuns"  the  man,  and  until  its  effects 
have  iNiSHfd  otT  he  cannot  stand  upright.  lu  standing 
with  the  arms  straight  by  the  sides  and  the  feet  together 
the  centre  of  gravity  of  the  whole  tidtilt  Body  lies  in  the 
articulation  between  the  sacrum  and  the  hist  lumbar  verte- 
bra, and  the  per{>endicular  drawn  from  it  will  reach  the 
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ground  botwoen  the  two  fool,  within  the  basis  of  support 
atToiiied  bv  ilieui.     With  the  feet  close  together,  however^ 
the  |K)slurL'  IS  not  vi^ry  stuhle.  and   in  stjindiiig  we  com-^ 
luonly  raukc  il  mure  so  by  ^liglitly  eejmniting  them  so  oa  tol 
inirctisc  the  base.      The  more  one  fool 
is  in  front  of  the  other  tl)e  niitre  Kway- 
ing  back  and  forward  will  I>c  com  pat  i 
ble  with   BJifety,  and   the   greater  thflj 
lateral    distance   scparatin>^  them,  th< 
greater  the  lateral  sway  which  is  ik)8s1' 
,  ble  without  falling.     ConBCfiuently  we 
see  that  a  man  about  to  make  great 
movements  with  the  npper  part  of  his 
Body,  as  in  fencing  or  boxing,  or  a  sol- 
dier preparing  fur  tlio  bayonet  exercise,' 
always   commences    by    thruKting   one 
foot  forwards  obliquely,  so  a^  to  increase 
his  basis  of  support  in  btjth  directions. 
The  ease  with  which  we  can  stand  is 
largely   dependent    upon    the    way  in 
which  the  head  i?  nearly  balanced  on 
the  top  of  the  vortebnd  column,  so  that, 
but  little  mn.scular  effort  is  needed  taj 
keep  il  upnght.      In  the  pame  way  the 
trunk  u  almost  balanced  on  the  hip-j 
jointa:  but  not  fjuite,  its  centre  of  grav- 
ity falling  rather  behind  them;   ho  that] 
jn-^.t  as  pome  muscular  effort  is  needed! 
to  keep  the  head  from  falling  forwards,! 
some  is  needed  to  keep  the  trunk  from 
toppling  backwards  at  the  hips.     In  a 
similar  manner  other  muscles  are  called 
into  play  at  other  joints:  a.^  between  the 
vertebral  column  and  the  |x?lvis,  and  at 
the  kncefl  and  ankles;  and  thus  a  certjiin  rigidity,  due  to 
muecniar  elTort,  extend?  all  along  the  erect  Body:  which 
on  uccotint  of  the  tlexibility  of  its  joints  could  not  (tther- 
wiso  bo  halani*ed  on  ilK  feet  a**  a  statue  can.     Beginning 
(Fig,  61)  at  Iho  ankle-joint,  we  find  it  kept  stiff  in  standing 


2 


T\Q.  f.l.  -  niAffrnm  M- 
lUHimrliiK  ill**  nui-*-!!* 
<dntwn  m  tliiok  tila.-lc 
linm)  whtfh  p.>,H»  bf-Torv 
anil  h^'biii^  ilio  JiiiiiiM 
And  tty  thfir  )>iU»n>-iHi 
H'MvilV  ki'i'p  tlir*  jolnta 
Hgld  &ud  Lbt*  Boily  erect. 
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b)  the  combinci  und  biJimced  cor.tniction  uf  tho  musclefl 
passing  from  the  rieel  lo  the  tiiigh,  uud  from  the  dorsum  of 
iho  foot  to  the  sain-lutne  (tiOtti).  Others  jiussing  before 
and  behind  the  knee-joint  keep  it  from  yielding;  and  bo  at 
the  hip-joints:  and  others  aguin  lying  in  tho  walls  of  the 
ubdomeu  and  along  the  vertebral  column,  keep  tho  latter 
"igid.  and  erect  on  the  pelvis;  and  finally  the  skull  is  kept 
lU  por;ition  by  muscles  passing  from  tho  sternum  and  ver- 
lebnU  column  to  it»  in  front  of  and  behind  the  occipital 
condyles. 

Ifooomotion  inclndea  all  movements  of  the  whole  Body 
i.i  ^paco,  dependent  on  its  own  muscular  efforts;  such  as 
walking,  running,  leaping,  and  swimming. 

Walking.     In  walking  the  Body  never  entirely  quits  the 

und,  the  heel  of  the  advanced  fout  touclnug  the  ground 
in  each  step  before  tho  toe  of  the  rear  foot  loaves  it.  The 
advanced  limb  sup|)orts  the  Body,  and  the  foot  in  the  rear 
at  the  commencement  of  each  step,  pro|>ets  it. 

Suppose  a  man  standing  with  his  heels  together  to  com- 
mence to  walk,  rttepping  out  with  the  left  foot;  tho  whole 
Body  is  at  iirst  inclined  forwards;  tho  movement  taking 
place  mainly  at  the  ankle-joints.  By  this  means  the  cen- 
tre of  gravity  would  Ixj  thrown  in  front  of  the  base  formed 
by  the  feet  and  a  fall  on  tho  face  result,  were  not  simnlta- 
neously  the  left  foot  slightly  raised  by  bending  the  knee 
and  then  swung  forwards,  tJie  toe«  just  clear  of  the  ground 
and,  in  good  walking,  the  sole  neiirly  parallel  to  it.  When 
the  step  is  completed  the  left  knee  is  htmightened  and  the 
•*ole  placed  un  tho  ground,  tlie  heel  touching  it  first  and. 
the  base  of  supprjrt  being  thus  widened  fiom  before  back, 
a  fall  is  prevented.  Meanwhile  the  right  leg  is  kept 
straight,  but  inclines  forwards  ab(»ve  with  the  trunk  when 
the  latter  advance:?,  and  as  this  occurs  the  sole  gradually 
leaves  the  ground,  commencing  with  the  heel.  When  the 
step  of  the  left  leg  is  completed  the  great  toe  of  the  right 
alone  is  in  contact  with  the  support.  With  this  a  push  is 
given  which  sends  the  trunk  jon  over  the  left  leg  which  is 
now  kept  rigid,  except  at  the  ankle-joint;  and  tho  right 
knee  being  bent  that  limb  swings  forwards,  its  foot  just 
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deoriug  the  ground  us  tl»c  loft  did  bcforo.  The  Body  la 
moamvhilc  siipjuirU'd  on  the  loft  foot  alnne,  hut  when  tho 
right  completoH  its  eteptho  knoo  of  that  log  is  Btraightened 
and  tho  foot  thus  pltuvd,  heol  Ortit.  on  the  ground,  ^fean- 
while  the  left  font  has  been  gnidnallj  leaving  the  ground, 
and  its  toes  iilono  arc  ut  that  moment  U]>'m  it:  from  the^ 
a  jm&h  is  given,  ns  l»efore  with  tlio  right  foot,  and  the  knee 
being  bent  so  as  to  raise  tho  foot,  the  left,  leg  swings  for- 
wards ut  the  hip-joint  to  make  a  fresh  siv\K 

Dining  eiich  stop  tho  wh<jlo  Body  swavrf  ujt  and  down 
and  also  from  Bide  to  side.  It  is  highest  at  the  moment 
when  the  mlvanoing  tnuik  is  vertically  over  the  f*M>t  sup- 
porting it,  and  then  sinks  until  the  moment  when  tho  ad- 
VJineing  foat  tout-hen  the  ground,  when  it  is  lowest.  From 
this  moment  it  rises  as  it  swings  forward  on  this  foot,  until 
it  is  vertically  over  it,  and  then  sinks  again  until  the  other 
touehes  the  gnuiud:  and  so  on.  At  tlio  same  time,  as  its 
M'eiglil  is  alloriuttely  tran.«ferred  from  tho  right  to  the  left 
foot  and  fire  rerfffu  thoiv  is  u  slight  lateral  sway,  commonly 
more  marked  \n  women  llian  in  men,  and  whieh  when  ex- 
cessive produoes  an  ugly  '*  wiuldHng''  gait. 

The  longth  of  each  slop  is  primarily  dc]iendent  on  the 
length  of  the  logs;  hnt  can  bo  controlled  within  wide  lim- 
its by  special  muscular  effort.  In  easy  walking,  little  mu8- 
cular  work  is  cm]»loyed  to  carry  the  rear  leg  forwards  after 
It  has  given  its  push.  When  its  font  is  raised  from  the 
groun<l  it  swings  oji  like  a  jM'iiduliim;  but  in  fast  walking 
tho  muscles  passing  in  front  of  the  hip-joint,  from  the  pel- 
vis to  tho  limb,  by  their  contraction  forcibly  carry  the  leg 
forwardn.  The  easiest  stoji,  that  in  which  there  is  most 
economy  of  labor,  is  that  in  which  the  limb  is  let  swing 
freely,  and  since  a  short  pendnluni  swings  faster  than  a 
longer,  the  natural  step  of  short -legged  people  is  quicker 
than  that  of  long-legged  ones. 

In  fast  walking  iho  advance<l  or  supporting  log  also 
aids  in  propulsion;  the  muscles  passing  in  front  of  the 
nnkle-joint  contracting  bo  as  to  pull  tlie  Body  fonvards 
over  that  foot  and  aid  the  push  from  tlu^  roar  foot.  Hence 
the  fatigue  and  pain  in  front  of  the  shin  whieh  is  felt  In 
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prolonged  vory  fast  walking.  From  tlio  fact  tluit  phcIi 
foot  ivacIu'.M  tiie  grouiul  hcelfirst,  but  loaves  it  loehwt,  the 
length  of  each  stride  is  increased  by  the  length  nf  the  foot. 

Bunning.  In  tliirf  mode  of  |»rogre}«*iion  there  is  a  m*)- 
ment  in  each  Htep  when  IxiUi  feet  ure  off  t!ie  ground,  the 
Body  lieing  nnsupporttnl  in  the  air.  The  tot*^  alone  eonie  in 
contact  with  tiie  ground  In  oiwh  Htep,  and  the  knee-joint 
is  not  Btruight  when  the  foot  reaches  the  ground,  Wlien 
the  retir  foot  in  to  leave  the  support,  the  knee  ia  nnddenly 
i*trafghteued.  and  at  the  same  time  the  ankle-joint  in  ex- 
tended 80  as  to  push  the  toes  forcibly  on  the  grouTid  and 
give  the  whole  Body  a  powerful  pu^li  forwards  and  npwards. 
Immediately  after  this  the  knee  is  greatly  flexed  and  the 
for>t  raised  frnm  the  ground,  and  this  *x'eurs  before  the 
toes  of  the  forward  foot  reach  the  latter.  The  swinging 
leg  in  cticii  step  is  violently  pulled  forwards  and  not  suf- 
fered to  swing  natnrallyas  in  walking.  By  this  the  rapid- 
ity of  llie  succession  of  stops  is  iiRivased,  and  at  the  same 
time  the  stride  is  made  greater  by  tlie  sort  of  one-legged 
lejip  that  occurs  through  the  jerk  given  by  the  straighten- 
ing of  the  knee  <»f  the  rear  leg  just  before  it  leaves  the 
ground. 

Leaping,  in  tfiis  mode  of  progression  the  Body  is 
raised  cojup!et«ly  from  the  ground  for  a  considerable 
jieriud.  In  a  p4)werful  li'ap  the  ankles,  knees,  and  hij)- 
joints  are  all  Hexed  an  a  jneparatorv  measure,  so  that  the 
Body  a^iiuines  a  eroiichmg  attitude.  The  heels,  next,  are 
raised  from  the  ground  and  the  Body  balanced  on  the  toes. 
The  centre  of  gravity  of  the  Body  is  then  thrown  forwards, 
and  simiiltuneoUBily  the  flexed  jtjints  are  straightened,  and 
by  the  resistance  of  tlie  gmuml,  the  Body  receives  a  propul- 
sion torwards;  much  in  the  same  way  as  a  ball  rebounds 
from  a  wall.  The  arms  are  at  tlie  same  time  swung  for- 
wards. Inleu]Mng  back,  the  I^ofiy  and  arms  are  incliiifd  in 
that  direction;  and  in  jumping  vertically  tliere  is  no  lean- 
ing either  way  and  tlie  arms  arc  kept  by  the  sidc^ 


CHAPTER  XII. 

ANATOMY  OF  THE  NERVOUS  SYSTEM, 

lfwrT«>Truiiks.  lit  ilissocting  the  Human  Body  nnmer- 
on*  whito  iH»nU  an?  fouiul  which  at  first  sight  might  be 
l»keu  for  tendons.  That  they  are  something  else  howerer 
MH>n  Uwnios  olt*«ir,  simv  a  givat  many  of  them  hare  no 
o«mmvtiou  with  mns^'U's  at  all.  and  thoeae  which  hare  usnally 
tauter  si^mewherv  into  the  belly  of  the  muscle,  instead  of  be- 
nxg  tix*\l  to  its  ends  as  most  tendons  are.  These  cords  are 
NKTiy-^rNMivt:  followed  in  one  dirtvtion  each  (Fig.  6:i)  will 
b^  found  to  break  up  into  tiner  and  tiuer  branches,  until 
the  suUlixtsions  become  tiH>  small  to  t^e  followed  without 
the  aid  irf  a  uucr\*svv|v.  Traced  the  i>ther  way  rhe  trunk 
will  m  m\»si  vnfc^'s  U?  found  to  incrvase  by  the  union  of 
others  wtth  it.  ami  ultimately  to  join  a  much  larger  nid» 
%4  dttlereni  stnictun?.  and  frv*m  which  other  tnink*  AI^«' 
tf|KrtRg.  This  ma:>&L  is  ^i  Kfny^-^fitnf.  That  i^n-i  of  a  ::ervt? 
attached  to  the  ivatre  is  naturally  its  'rntnjtL  a^d  the  ochcr 
«s  ^if^y^l  v>r  y^nvh'fn':'  tmL  Xervt-^furrts,  :1:-- :i.  ^'.Te  y^r^.^ 
to  acr\^*-:ruttks;  these  latter  radiate  all  ovtjr  the  B-.^iy. 
a;stLaIly  brauching  and  Swni:r.g  smaller  and  sxaller  as 
they  VAwcvl  fr\»m  :he  ^.-en'.re;  tbey  ?iu.illy  "rvo  ^r-  Ttrr 
small,  aad  h..»»  they  tzitrajuteiy  ecL-i  ->  co:  :n  ill  .-ti.-?*.*  :»cr- 
tatu.  bu:  ::  ;s  itwwti  toa:  s^'cie  har^*  >e=.^-rjri::>  i*  'z*i-j: 
tertuiajfc::oc.s  a«d  ».H;her*t  r;vuA*ii!ar  rf'rrvs  T'>"  ;y:L*:-nl  ±> 
raa^emeti:  •.»^  :l:e  !a.-^r  aenr',^-:r'f:i>  -f  :h'e  B»:»ij  *  irzr-^i 
i-tt  F';i,  '?"i.  t*l:vsical'v  ;i  Tn^r"*'.'  "s  >'"  r*}  ■■mi^'i  t  srr.c^  i^- 
a  tet»'iv*a  '*t  the  ^lajxie  >i.te;  ':  mai^  rva^iily  '*  -^tA'-'  it  i*  ■ 
lott;|j:»:u«i ':a!  >:rur»l-i.  ."!».■'»  t  ttzjio,  .•»-ilsls>  :i  a  "M^jrrr 
\^f  m'cr».>«jc»'t*i«;  :jr'.*d>is.  tie  •ier"*'— TDr**.*.  :«:aa<i  "::•?:''— '^r  :^* 
cottse^-t:*e-.S¥ue. 
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completely  closed  bouy  cavitiea  and 
ore  ulsf)  enveIo|K>d  by  niembriuios 
which  give  them  consistency  and 
8U|ij»ort.  Thesu  niembmnea  arc 
three  in  number.  Externally  is  the 
dura  mittet\  very  tough  and  strong 
and  coiupos^Hj  of  white  fibrous  and 
elastic  connective  tissues.  In  the 
cranium  this  dura  mater  adheres 
by  it«  outer  surface  to  the  inside  of 
the  skuli^  serving  as  tlie  periosteum 
of  its  bouo^;  this  is  nut  the  cnne 
in  the  vertcbml  column,  where  the 
dura  mater  forms  a  loose  sheath 
around  the  spinal  cord  and  is  only 
attached  here  and  there  to  the  sur- 
rounding boncs»  which  have  a  sep- 
arate periosteum  of  their  own.  The 
innermost  membrane  of  the  cerebro- 
spinal centre,  lying  in  immediate 
contact  with  the  proper  nervous 
parts,  is  the  pia  oinirr,  also  made 
up  of  white  fibrous  tissue  inter- 
woven with  elastic  fibres,  but  less 
olosely  than  in  the  dura  mater,  so 
aa  to  form  a  less  dease  and  tough 
membrane.  The  pia  muter  con- 
tains many  blood-vessels  which 
break  up  in  it  into  small  branches 
before  entering  the  nervous  mass 
beneath.  Covering  the  outside  of 
the  pia  mater  is  a  laver  of  flat 
closely  fitting  cells,  a  similar  layer 
lines  the  inside  of  the  dura  mater, 
and  these  two  layers  are  described 
as  the  third  membrane  uf  the  oerc- 
bro-spinal  centre,  called  the  arach- 
noid. In  the  space  between  the 
two  layers  of  the  arachnoid  is  ct»n- 
tained  a  small  quantity  of  watery 


9     ■ 


Fm.  IS— Ttw  spiiial  c?orH 
ami  mriiu'/a  oM-m^ta.  A. 
from  th«  vt'utral.  and  B.  frum 
the  dor^wl  •ipect  ;  C  \o  H. 
crofl»-se<ctlou8     at     different 
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rerebro-spinnl  liquid.  Part  of  tiic  surface  of  the  brain  i£ 
folded  and  tin*  ])ia  niator  docs  not  dip  down  and  line  tho 
fniTows  between  the  folds  but  stretches  acix^ss  them:  in  the 
spaces  thus  left  iliero  i.^  also  contained  someof  the  cerebn*- 
fipinal  li<juid. 

Tho  Spinal  Cord  (Fig.  fi**^)  ia  nearly  cylindrical  inform, 
being  hi)wevir  a  little  wider  from  nide  to  side  than  dorn*- 
Tcntndly.  and  tapering  otf  at  it«  poriterior  end.  Its  aver- 
age diameter  ia  about  19  millimeters  (J  inch)  and  it* 
length  0.43  meter  (17  inches).  It  weighs  42.5  gniuin 
(H  ounces).  There  is  no  marked  limit  Ix't  ween  the  spinal 
cord  and  the  brain,  the  one  passing  gradually  into  the 
other  (Fig.  70*),but  the  cord  18  arbiinuily  said  to  com- 
mence opposite  the  outer  margin  of  the  foramen  magnnm: 
from  there  it  extend.'*  to  the  articuluti(»n  between  the  first 
and  eeeiind  lumbar  vertebrap,  where  it  narrows  off  to  a 
slender  lilainent,  i\\c  Jilum  tenninale  (cut  off  and  repre- 
Bented  separately  at  B'  in  Fig.  63),  which  runs  back  to  the 
end  of  the  neural  canal  behind  tho  sacrum.  In  ita  course 
the  cord  presents  two  expansions,  an  ujtper,  10,  the  cer- 
viral  e nlargemrni fri'iiL'hingirom  tho  third  cervical  to  the 
first  dorsal  Ycrtcbra*,  and  a  lower  or  lumhnr  enlnrgrmcni^ 
9,  opposite  the  last  dorsal  vertebra. 

Running  ahing  tlie  middle  lino  on  both  the  ventral  and 
tho  dorsal  aspects  of  tlie  cord  is  a  gi'oove,  jind  a  crofl8-«ec- 
tion  shows  that  these  grooves  are  the  snrfaco  indicaticms  of 
fissures  whith  extend  deeply  into  the  cord  (C,  Fig.  64)  and 
nearly  divi*le  it  Into  rigrht  and  left  hidves. 

The  fiTi/rrior  JiA.surfi  (1.  Fig.  04)  is  %vider  and  shallower 
than  the  pot^teriur,  l.  The  transverse  section,  (.\  shows 
also  that  the  svibstanec  of  tho  cord  is  not  alike  throughout, 
but  that  it*  v'hifi'  sujiertieial  layers  envelop  a  ceutnd  grnif 
auhvtanrf  nrri\i\gc<\  somewhat  m  the  form  of  a  capital  II. 
Kiuih  half  of  tho  gray  matter  is  cre«ccnt-shaped,  and  tho 
cre<*cents  are  turned  back  to  hack  and  nnited  across  the 
middle  line  Itv  the  ffrni/  rotnmmst/rr.  The  ti])s  of  each 
crescent  are  called  its  horns  or  vornua^  nud  the  ventral,  or 
anirrior  rornu,  on  eaili  side  is  thicker  and  larger  than  the 
pMtcnor.      lu  the  cervical  and  lumbar  enlargements  the 
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proportion  of  white  to  gniy  matter  is  groatcr  tbaa  else- 
where;  and  n8  the  cord  npprnaclies  the  mctlnlJa  obIonj?at» 
its  central  gray  muss  beeomcs  iiTt*giilar  in  fonn  imd  begin.-* 
to  break  np  into  smaller  jiortiims.  If  lines  be  dra^ni  on 
the  transverse  section  of  the  cord  from  the  tip  of  each  horn 
of  the  gray  matter  to  the  nearest  point  of  the  surface,  the 
white  aubslunce  in  each  half  will  be  divided  into  three  por- 


no ni.— TTiA  flpfnAl  •Ninl  nml  nrrr(*-mntn.  ^.  n  ftmnll  imrlion  of  Lho  cord 
Been  frmn  the  veatrot  slrlf  ;  U,  thn  sftiiie  hm-ii  Inlprallv  ;  f.  rt"'P«*.-«eeiion  nf  tho 
I'ftrd  ;  D,  thH  two  nH>t«  of  n  y|>intil  iicrv**  ;  1,  nitlf  nur  ivfiiinilt  fiHHUn*  ;  2,  ptwlt*- 
riur  tilorsnl)  nsmiiv  :  3.  Miii'f;ii-«-  ^nxivt*  aJuriK  tlif  !'»»•  t>t  atLHt-liin»*n1  nf  thn  aiiti*- 
rlnr  rierTe-nx'ts  ".  A.  Iin«-  of  uritflii  of  th*"  pnMenor  n>olM  :  6.  ontrrlor  \x>o\  Hlo 
mt-ntf>  of  a  aptnAl  nerve  ;  i.i.  p»r»tertor  n>«  nhmenu  :  rt'.  Ka>>i7l'<'n  of  th**  post**- 
rior  nicit  ;  7,  7.  the  two  prliiidry  illvlslotiH  uf  tht^  nerve-trunk  formed  by  the 
union  of  the  two  roota. 

Uons:  one  between  the  anterior  fissure  and  the  anterior 
comu,  and  called  the  anterior  white  column  ;  one  between 
the  posterior  fissure  and  the  posterior  comu,  and  called  the 
poMterior  white  column:  while  tlie  remaining  one  lying  in 
the  hollow  of  the  crescent  and  between  the  two  hom.H  ia  the 
lateral  column.  In  atldition  to  this  a  certain  amount  of 
white  Bubstance  crosses  the  middle  line  at  the  bottom  of 
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tho  anterior  fiemire;  X\\U  forniH  iho  an/mor  white  crnnmU- 
Hiire,  There  is  no  jKJstcnor  white  commissure,  the  bottom 
of  the  posterior  fissure  being  the  only  jtortion  of  the  cord 
where  the  gray  substance  is  uncovered  Ijv  white.  Running 
along  the  middle  of  the  gray  rommi&snre.  for  ihe  wliole 
length  of  the  cord,  is  a  liny  channel,  just  visible  to  the 
unaided  eye;  it  is  known  as  the  central  canal  (runalix  ren- 
tnilijn). 

The  Spinal  Nervos.  Thirty-one  pairs  of  gpiiial  nerve- 
truiiki?  enter  I  he  iiouraJ  canal  of  the  vertebral  nihinin 
through  the  intt-rvertebrul  foramina  (ji.  71).  Enrh  di- 
\ide«  iu  the  furamen  into  a  dorstd  and  ventj-nl  portion 
known  i-espeetivcly  w»  the  posferior  and  anicrtor  roots  of 
tlie  nerve  (6  and  5.  Fig,  04),  nud  these  again  Biibdivide  into 
tiner  branchen  which  are  attached  to  the  sides  of  the  cord. 
the  pojsterior  root  at  the  point  wliere  the  ]K>Bterior  and  Inte- 
nd white  columns  meet,  and  the  anterior  root  at  the  juiie- 
tinn  of  the  lateral  and  anterior  columns.  At  the  lines  on 
which  the  roots  are  jittiehed  there  are  superficial  furrows  on 
the  surface  of  the  cord.  On  eacli  posterior  root  is  a  f^piual 
ganglion  (6',  Fig.  64),  placed  jnst  before  it  joins  the  an- 
terior root  to  make  up  the  common  nene-trunk.  Imme- 
dintelr  after  its  formation  by  the  mixture  of  fibres  from 
both  roots,  the  trunk  divides  into  a  small  postaior  primarif 
and  a  liuger  auterior  prittuin/  branch  (7'  7  />,  Fig.  (U). 
The  former  branches  of  the  spinal  nerves  go  for  the  most 
part  to  the  skin  and  muscleson  the  back,  while  the  anterior 
primary  branches  form  a  series  of  plexuses  from  which  the 
nerves  for  the  Bides  and  ventral  region  of  the  neck  and 
trunk,  and  for  the  limbs,  arise. 

The  various  spinal  nerves  are  named  from  the  portions 
of  the  vertebral  column  through  the  intervertebral  foramina 
of  which  they  pass  out;  and  as  a  general  rule  each  nerve  is 
named  from  the  vertebra  in  front  of  it.  For  example  the 
nerve  passing  out  between  the  fifth  and  sixth  dorsal  verte- 
bra is  tho  **  tifth  dorsal  "  nerve,  and  tliat  between  the  last 
dorsjil  and  first  lumbar  vertebra*,  the  *' twelfth  dorsal.*' 
In  the  cervical  region,  however,  this  rule  is  not  adhered  to. 
The  nerve  passing  out  between  the  occipitwl  bone  and  the 
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atliia  is  cjilled  the  '*  tirat  cervical "  nene,  that  between  tlie 
atlas  and  axis  the  second,  and  so  on;  that  between  seventh 
(.■ervicjil  and  first  dorsal  vertebrw  being  the  ''eighth  cervi- 
cal "  nerve.  Thi*  thirt  v-oue  pairu  of  Kpiual  nerves  are  then 
thua  dii^irtbuted:  8  cervical,  12  dorHul,  5  lumbar,  5  sacral, 
and  1  ctK?cygeal;  tlie  latter  patwing  out  between  the  sacrum 
and  coccyx.  Since  the  spinal  cord  ends  opposite  the  up|>er 
lumbar  vertebrie  while  the  sacral  and  coccygeal  nerves  pass 
out  from  the  neural  cjinid  much  farther  back,  it  is  clear 
that  the  roots  of  those  nerves,  on  their  way  to  unite  in  the 
foramina  of  exit  and  form  nene-trunks,  must  run  oblitpiely 
backwards  in  the  spinal  canal  for  a  considerable  distance. 
One  liuda  in  fact  the  neural  canal  in  the  lumbar  and  sacral 
regions,  behind  the  |>oint  where  the  spinal  cord  has  tapered 
off.  occupied  by  a  great  bunch  of  nerve-rocits  forming  tlie 
so-called  "  horse's  tuil"  or  ratttin  efjuiua. 

Distribution  of  the  Spinal  Nerves.  It  would  be  ont 
of  place  here  to  go  into  detail  »is  to  the  exact  portions  of 
the  Body  supplied  by  each  spinal  nerve,  but  the  following 
general  statements  may  be  made.  The  anterior  primary 
branches  of  the  tirst  four  cervical  nerves  form  on  each  side 
the  rervirol plexua  (Fig,  Go)  from  which  branches  ai*e  sup- 
plied to  the  muscles  and  integument  of  the  neck:  also  to 
the  outer  ear  and  the  back  i>art  of  the  scalp.  Tlie  anterior 
primary  branches  of  the  remaining  cervical  nerves  and  the 
tirst  dorsal  form  the  brachial  plcwttit,  from  which  the  upi)er 
limb  is  supplied.  The  roots  of  the  trunks  which  form  this 
plexus  arise  from  the  cervical  enlargement  of  the  spinal  cord. 

From  the  fourth  and  fifth  ccr^'ical  nerves  on  each  side. 
small  branches  arise  and  unite  to  make  the  phrenic  nerve 
(4',  Fig.  65)  which  nms  down  through  the  chest  and  ends 
in  the  diaphragm. 

The  anterior  primary  branches  of  the  dorsal  nerves,  ex- 
cept part  of  the  fir?t  which  enters  the  brachial  plexus,  form 
no  plexus,  but  each  runs  along  the  posterior  border  of  a  rib 
and  supplies  branches  to  the  chest-walls,  and  tlie  lower  ones 
to  those  of  the  abdomen  also. 

The  Hnterinr  primary  branches  of  the  four  anterior  lum- 
bar nerves  are  united  bv  branches  to  form  the  lumhnr 
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plexus.     It  supplies  the  lowor  part  f>f  the  trunk,  the  bnt- 
torks,  the  front  of  the  thigli,  and  meriisil  side  of  the  leg. 

The  snrral  pirxu.t  is  formeiJ  hy  Ihe  anterior  primary 
branches  of  the  fifth  lumbar  and  the  first  four  sacral 
nerves,  which  unite  into  one  great  cord  and  so  form  the 


Fio,  85.— The  oerrlcal  &ad  hr&chlal  pl«xtttee  of  one  ftM**  of  the  tkwljr. 


xrwiic  nerve,  which  ie  the  largest  in  the  Body  and,  running 
down  to  the  back  of  the  thigh,  ends  iu  branches  for  the 
lower  limb.  The  roots  of  the  truuka  which  form  tlie  sacral 
plexus  arise  from  the  lumbar  enlargoment  of  the  cord. 


THE  BRAIN. 


ir,3 


The  Brain  (Tig.  66)  is  far  larger  than  the  spinal  cord 
Hud  more  complex  in  structure.  It  wcijrhs  on  the  avrnige 
about  1415  grams  (50  ounces)  in  the  adult  male,  and  ahout 
155  grams  (5.5  ount^es)  less  in  the  female.  In  its  simpler 
forms  the  vertebrate  brain  eonsigt^  of  three  masses,  each 
with  snbfiidiarv  part.s.  following  one  another  in  series  from 
before  book,  and  known  tis  the  fore-brain,  midbrain,  and 
hind-brain  respectively.   In  man  the  fore-brain,  A,  weighing 


I 
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la.  S6.— OU^ram  lIluslniMnic  Ihe  fc^neraJ  relatiotiKblpa  of  ihct  parts  e»f  Urn 
br»in.  A,  foiv^  brain  ;  b,  ralilnralii  ;  B,  oeivbellum  ;  <'.  pons  VaimIH  ;  />,  m^ 
dulla  oblongate  ;  B,  C.  aikI  fJ  togipttwr  cofiKtituta  tiin  htud-hraiu. 

ttbout  1245  grama  (44  ounces),  is  much  larger  than  all  the 
rest  put  together  and  laps  over  them  beliind.  It  consists 
mainly  of  two  huge  convoluted  masses,  separated  from  one 
another  by  a  dcej)  median  fls8ure»  and  known  as  the  tfrehral 
hemispheret*.  The  immcneo  proportionate  size  of  the^c  is 
very  characteristic  of  the  human  brain.  Beneath  each 
ccrehml  hemisphere  is  an  olfnrtory  lohcy  inconspicuous  in 
man  but  often  larger  than  the  cerebral  hemispheres,  as  in 
most  fishes.  Buried  in  the  fore-brain  on  each  side  are  two 
largo  gray  masses,  the  corpora  striata  and  nptic  thalami. 
The  mid-brain  forms  a  connecting  isthmus  between  the 
two  other  divisions  and  presents  on  its  doi-sul  side  four 
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hemispherical  eminences,  the  corpora  quadrigemina.  On 
ito  ventral  side  it  exhibitB  two  sernicylindric^il  pillars  (seen 
under  the  nenc  /('  in  Fig.  7f>*  a^rvX  known  m  the  rrura 
r&rebri.  The  hind-brain  coneiste  of  three  main  purls:  on 
it«  dorsal  side  is  the  cerebellum,  B^  Fig.  (iO,  consisting  of  a 
righty  a  /^V,and  a  median  hbe ;  on  the  ventral  side  is  the 
pons  Varolii^  C\  Fig.  66,  and  behind  the  medulla  ohlottgata, 
Dn  Fig.  66,  which  is  continuous  with  the  spinal  cord. 

In  nature  the  main  divisions  of  the  brain  are  not  sepa- 
rated so  much  as  has  been  represented  in  the  diagram  for 


« 


Pie.  ffT.— The  bmln  from  the  left  ittde.  Cb,  the  cerebral  hemlsphereo  forming 
the  main  bulk  of  the  forv-braln  ;  CM,  Che  cerebellum  ;  Mo,  the  nieduUa  obloo- 
gata  ;  P.  tbe  pons  VarolU  ;  •,  Uie  n»ure  of  Sylvius. 


the  sake  of  clearness,  but  lie  close  together  a.^  represented 
in  Fig,  67,  only  some  folds  of  the  membranes  extending 
between  them;  and  the  mid-brain  is  entirely  covered  in  on 
its  dorsal  aspect.  Nearly  everywhere  the  surface  of  the 
brain  is  folded,  the  folds,  known  as  ggri  or  cvnvolutiun^, 
being  deeper  and  more  numerous  in  the  hniin  of  man  than 
in  that  of  the  animals  nearest  allied  to  him;  and  in  the  human 
species  more  marked  in  the  higher  than  in  the  lower  races. 
The  brain  like  the  spinal  cord  consists  of  gray  and 
white  nervous  matter  but  somewhat  differently  arranged, 
for  while  the  brnin,  like  the  cord,  contains  gray  matter  in 

♦P.  169. 


CEREIiH^iL  VblNTItlCLES. 


105 


\\m  interior,  a  greut  part  oi  its  surface  is  al^o  covered  witL 
it.  By  the  external  eonvolutioiia  of  the  cerebellum  and 
ihe  cerehnil  hemiwpheres  the  surfaoe  i^vor  which  this  gray 
flubtttauce  is  {spread  xa  verv  mach  iucreaf^ed  (set'  Fig.  fiS). 

The  Ventricles  of  the  Brain.  The  iiiinute  central 
canal  uf  ilie  bpiiial  cord  \&  continued  into  the  bniin  uud 
exjwnds  there  at  wveral  puints  into  ehanihcrH  known  ad  the 
wnirirhfi.  Entering  the  medulla  oblongata  it  approaches 
\U  api»er  surface  and  dilaiej*  into  the  fourth  vi-ntricle, 
vrhich  has  a  very  tliin  roof,  lapped  Mver  by  the  uerebellum. 
From  the  front  uf  the  fourth  ventricle  roiid  a  narrow  pas- 


FM.  *».— a  Tertlcal  wcUon  ■cmw  the  oerpbral  hrminphArM,  CcP.  th*  corpus 
ooUuni'H  ;  I  /.  Uie  niitviior  eiHl  of  the  rlpht  lateral  vMitrioIC':  the  jfrny  maMOu 
li«rxt*T*<»ri«  Ihr  rnrftus  Mtrintuui  On  th^-  left  ^Itln  tin-  sutN^rflrioTgrajr  matter 
covering  the  couvoluUufu  u  bbiuied. 


sage  {ifer  a  irriio  ad  quartmn  vcntrirulum)  whicli  enters 
another  dilatation  lying  iu  the  middle  line  neor  the  under 
side  of  the  fore-brain  (just  above  the  two  small  rounded 
ma&ses  seen  between  the  nei-ves  //  and  f  11  in  Fig.  70)  and 
known  as  the  third  rentrirle.  Vvom  ihe  tidrd  ventricle 
two  apertures  (the  foramens  of  Monro)  lead  into  tlie  ;fr»/ 
and  second,  or  lateral  vcntnclrSf  one  of  whieh  lies  in  each 
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of  il\Q  cerebral  licinlsphercs.  The  front  endB  of  thrisc  two 
ventricles  are  seen  in  the  vertical  transverse  section  of  the 
brain  represented  in  Fig.  C8. 

The  vfutricles  contain  a  small  amount  of  cereWo-ttpinttl 
lifjuid  and  aru  lined  by  c|iithelium  which  is  ciliated  in 
early  life. 

jVo/(5.  A  fi*eqnent  cause  of  apoplexy  is  a  hemorrhage  into 
one  of  the  lateral  ventricles;  the  outpoured  blood  accu- 
nudating  and  i»re8sing  uimui  the  cerebnd  hemisplicrcs  their 
functions  are  suppressed  and  uuconsciousness  produced. 
When  a  person  id  found  in  an  apoi»Iectic  tit  therefore  the 
Ijcst  thing  to  do  is  to  leave  liim  ]K*rfecl!y  (juiet  until  medi- 
cal aid  is  obtained:  for  any  movement  may  start  afresh, 
bleeding  into  the  ventricle  which  had  been  stopped  by  clota 
formed  in  the  mouths  of  the  torn  blood-vessels^ 

Sections  of  the  Brain.  Having  got  a  general  idea  of 
the  })art.s  com|K)sing  the  brain,  the  heyt  way  to  comjilete  a 
knowleilgc  of  its  anatomy  ia  to  study  sections  taken  in 
various  directions.  Two  such  are  given  in  Figs.  OS  and  (>!). 
Fig.  09  represents  the  right  half  uf  a  vertical  section  of  the 
brain,  taken  from  before  back  in  the  middle  line  and  viewed 
from  the  inner  side.  Above,  the  knife  has  piissed  In-twccn 
the  two  cerebral  hemispheres,  in  the  longitudinal  figsurc, 
without  cutting  either,  and  the  convoluted  inner  surface  of 
the  riglitouo  is  seen.  The  sickle-Hhiipcd  mass  lower  down, 
CcV  to  CVr  represents  the  cut  surface  of  a  connecting  band 
of  white  nervous  tissue  called  the  c<^rpus  cnllosutiu  which 
runs  across  the  middle  line  from  one  cerebral  hemisphere 
to  the  other  and  jtuts  them  in  communication.  *S7.  the 
septum  liicifiutn,  is  a  thin  membrane  which  forms  the  inner 
wall  of  fche  lateral  ventricle  of  the  hemisphere.  Between 
the  two  septa  lucida  on  the  sides  (in  the  natural  position 
of  the  jMirt?)  and  the  eorpii:*  callopum  above  is  incloiiiod  a 
narrow  space  known  iifi  tlie  fitffi  wntrirjc.  It  is,  ht»wever, 
quite  different  from  tlic  remaining  cerebnd  vcntrielcs.  not 
being  a  continuation  of  the  canalis  eontrnlis  of  the  spinal 
cord.  Tlie  space  beneath  the  septum  Ineifliim  and  the 
back  part  of  the  corpus  callosum  is  the  third  ventricle, 
which,  lying  in  the  middle  lino,  has  Ijccn  laid  ojien  in  tho 
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section.  It  is  deep  from  above  doTrn  but  narrow  from  side 
to  s'liln.  From  its  under  side  a  prx^ongation  runs  down  to 
J{f  the  pitititartf  bodt/ ;  boliind,  the  tnjuediwt  of  Stfimus^ 
A,  is  swn  pu&tning  buck  from  tho  third  to  the  fourth  ven- 
tricle, Fy.  At  I^M  is  tho  aperture  (foramen  of  Monro) 
leading  into  the  rigcht  lateral  ventricle.  Crot^sing  the  third 
ventricle  and  pulling"  tlie  two  halves  of  tho  fore-hraln  in 
direct  communication  are  three  Bmoll  commisanres,  Coa, 


Flo.  OT.— The  rijrht  half  of  ttw  brain  fi^  neen  cm  It*  nie<lian  side  nftT  n  section 
m:i*le  ihmiigh  \\\f-  <jn;ftn  liv  the  mldill»  lim*.  1'./.  fiMirtli  vnitri.lo  ;  ,Wo.  nnnlulla 
olilijUKiitu  ;  /".  ym*  Var  ili) ;  //.  optu*  iierv"  ;  H.  niiiiilnry  NmIv  :  Viki,  nnte^ 
nor  commiMKiirn  ;  /■'.U,  f')rani>-it  of  >1><tir<>  IrudiiiK  fmm  tht»  thlnl  vfiurit'Ic,  In 
thtifftviUMif  which  the  lowor  end  of  tliM  lin.-  .s.U  lU-t.  (.»  \\w  rlwlit  lutrral  Tpn- 
tFiflo  ;  Cum,  jMift  u  iminlsHiire.  riiimint;  fr>tin  si'lc  i..  wil*-  lif  ihf  thinl  Trntrk'le, 
diviilrd  ;  Co;>,  pcwtcnnr  cNimmi»*iir»*  ;  />/.  ri»r/></r(j  ii\iQdrio*'i»*tui :  .1.  aniie- 
dnct  of  SylvhiM  or  xtrr  a  tettiu  ad  uuartum  fentriculum  ;  CW.  wrvbellum ; 
Crti-irl*,  corpuA  cAlImtutxi;  M,  septum  luclduiu.    !l*.  »hn  illvldeil  optic  coni- 

'^V;//^  and  6'o/»,  knonrn  respectively  as  the  anieHor,  the 
median  (or  ^q/V),  and  the  posterior.  The  mass  seen  bouiul- 
uvr  a  great  part  of  the  side  of  the  third  ventricle  and 
united  to  its  fellow  hy  the  8oft  commissure  is  the  optir. 
thalamus.  Ahovo  the  aqueduct  is  the  small  niecban  body 
Oj,  culled  the  pineal  gland,  which  contains  no  nervous 
tissue,  hut  has  an  interest  ais  being,  according  to  Descartes, 
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tho  aeat  of  the  soul.  Behind  it  comi'  the  curpont  qtiadri' 
yvminuy  Lfi^  and  above  thu  fourth  ventriolo  the  cfieMlum^ 
Vbl,  Bhowiuf^  the  primary  uml  ^LTDiidiiry  fii*sures  on  its 
Burfiice  whicli  give  its  set*tiunit  hruiu-lied  appearance  known 
iw  the  arbor  vilw.  Mo  is  tho  rrifdulfa  uhhuujaftij  and  F  the 
}»on8  Vnrolii.  The  caitalin  ceiitrulis  of  the  Ppinul  eord  iK 
represented  leading  Imr.k  from  the  fourth  ventriele. 

Fig.  08  reprcjicnts  a  vertical  trausvurse  sei.*tioii  of  the 
brain  taken  through  tho  fure  part  of  the  corpus  uallosuni 
(CcV)  and  altogether  in  front  of  the  thii-d  veiilticlL'.  It 
shows  the  foldings  of  Hk' cerebrum  anil  ilM  >iuperncial  layer 
of  gray  substamc;  the  anterior  L*iids  of  Ihc^  lateral  ventri- 
clcK,  VI,  with  u  gray  nmt^s.  tJio  corpus  nfria/tim  lying  be- 
neath and  on  the  outer  eidc  of  each.  If  the  neetion  hafl 
been  taken  a  little  farther  bai'k  the  opflr  thalawi  \voul(i 
have  been  found  reaching  the  floor  of  C':u]i  ventricle. 

The  Base  of  the  Brain  and  the  Cranial  Nerves. 
Twelve  pairs  of  nerves  lea^e  the  akuU  by  aperture.'*  in  its 
base,  and  are  known  aa  the  cranial  nerves.  Most  of  them 
t*|)ring  from  tho  underside  <»f  tlu-  hruin.  and  tio  they  ai*e  best 
studied  in  connection  with  the  bii^-e  of  that  organ,  whieh  is 
rcpi*cseTitcd  in  Fig.  70.  The  /?>*/  pnir,  or  olfactory  nervea. 
spring  from  the  under  elder;  of  the  (dfaetory  lobe-s,  /,  and 
](Ui5s  out  through  thenMif  of  tho  nose.  They  are  tlic  nerves 
of  smell.  The  smunl  pai'r^  or  opfir  tifm'.s,  JI,  spring  from 
the  optic  tludami  and  corpora  quadrigemina  and,  under 
the  name  of  the  optic  tracts,  run  down  to  the  base  of  tlie 
brain  where  tliey  atjpear  |)ussing  around  the  crura  eerel»ri 
as  ivprejicnted  in  the  figure.  In  the  middle  lino  the  two 
optie  tracts  unite  to  form  the  optir  rommissurr  (seen  in 
seetion  at  //  in  Fig.  60)  fn)m  whieh  an  optic  nerve  pro- 
ceeds to  each  eyeball.  Behind  the  optic  eomniispure  is 
Been  the  conical  etjilk  of  the  pifuitartf  innlt/  or  hifpaphyais 
cefBbri  (//  in  Fig.  60)»  and  still  further  bark  a  pair  of 
henjispherical  masses,  about  the  size  of  split  peas,  known  as 
tho  corpnru  afbiranfia. 

All  the  remaining  eninial  nerves  arise  from  the  hind- 
brain.  The  third  pair  (moforeit  oruli)  arise  from  tho  front 
of  tho  pons  Varolii,  and  are  distributed  to  most  of  the 
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innscles  which  move  tlio  oyeball  and  al^o  to  that  which 
lifts  the  upper  eyelid.  The  fniir-sided  spaco  bounded  by 
the  optic  tracts  and  conimissnrc  in  front  and  the  third 
pair  of  nervca  behind,  aud  having  on  it  the  pituitary  body 


Pro.  70  —Thf-  honfl  of  the  brain.    The  cerebral  hemispheres  are  aeen  orer* 
IftppinfT  ftll  ib^  r«f)L    /.  olfactory  Uibe«  ;   //,  optic  tract  p«8sloK  to  the  opfk' 

CJinrniAKuro  fn>rn  which  the  opilc  ner\e«  pnx:t>t<iJ  ;  ///,  the  third  ntfrveumnj/iT 
CKu/V  .■  /(*.  thf  fniirlh  ntTVf*  or  /tath'-tirnA  ;  V.  tht«  Oflh  n<*iTp  or  trigf»\inali»  ; 
Vt.  the  ftiTib  nervL*  or  ahditc^HM  ;  V'U,  K\\v  sevoiitti  or  fju'i&l  nerve  ur  portio 
dnra  ;  t-'///,  tha  aiitllt-irv  nTve  or  pitrlto  mtAiU  :  IX,  the  ninth  or  g-linami- 
pbaryiiiceil  ;  X  lb«*  li*ntf»  or  pnfnmnjtiiwtrio  or  vnguM  -  XI.  tb«?  Kpinal 
wry  ;  Xtl.  the  hypoKl'M-tal  :  uc/,  Ihu  Unit  cervical  Kplnai  nervt^. 


and  the  coqwra  albicantia,  lies  beneath  the  third  ventricle, 
«o  that  a  prol>e  pushed  in  there  would  enter  that  Ciuity. 

The  fourth  pair  of  nerves,  IV  (pathrtiri),  arise  from  the 
front  partof  the  roof  of  the  fourth  ventricle.     Prom  there. 
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each  curls  nrDiiiul  »  rrwj*  cerebri  (the  cyliutlricul  musB  seen 
beneath  it  in  the  tigiiro,  niiining  from  iho  j^m?  Varolii 
enter  the  under  surface  of  the  cei-ebral  henusi»hcrcs)  and 
apiiears  on  the  base  of  the  brain.  Each  goes  to  one  muscle 
of  the  eychull. 

The  lift h  pair  of  nerves,  I' (//iV/emiWff/c,*),  resemble  the 
spinal  nerves  in  liaving  two  roots;  one  of  these  is  mueh 
larger  than  the  other  and  jtotiseHsua  a  ganglion  (the  GtiHtte- 
n'fin  ijaiuflioii)  like  the  jxisterior  root  of  u  spinal  nerve. 
Beyond  the  ganglion  the  two  roots  form  a  (.'orninnu  trunk 
which  divides  into  thrci^  main  brancheii.  Of  those,  the 
ophfhahuir  is  the  snialle.st  and  ifi  mainly  distributed  to  the 
muscles  and  skin  over  the  forehead  and  upper  eyelid;  but 
also  givost  brunches  to  the  mucous  incml»ranc  lining  the 
nose,  and  to  the  integument  over  it.  The  st'cond  division 
{superior  mnxillarif  nerve)  of  the  trigeminal  gives  branches 
to  the  gkin  over  the  temple,  to  tlie  cheek  between  the  eye- 
brow and  the  angle  of  the  mouth,  and  to  the  upper  teeth; 
OS  well  aa  to  tlie  mucous  membrane  of  the  no.se,  pharynx, 
soft  palate  and  roof  of  the  nunith.  The  tliird  division 
(inferior  maxiUartf)  is  the  largest  branch  of  the  trigemi- 
nal; it  receives  some  fibres  from  the  larger  root  and  all  of 
the  pmaller.  It  is  distributed  to  the  side  of  the  head  and 
the  external  ear,  the  lower  lip  and  lower  part  of  the  face, 
the  mucous  membrane  of  the  mouth  and  the  anterior 
two  thirds  of  the  tongue,  the  lower  teeth,  the  salivary 
glands,  and  the  muscles  which  move  the  lower  jaw  in  mus- 
tieatiou. 

The  sixth  pair  of  cranial  nerves  ( VI,  Fig.  70)  or  ab- 
dnrentes  arise  from  the  posterior  margin  of  the  pons  Va- 
rolii, and  each  is  distributed  to  one  muscle  of  the  eve- 
bidl. 

The  seventh  pair  (fadul  nerves),  VII,  a]>pear  al.-o  at 
the  posterior  margin  of  the  pons.  They  are  distributed 
to  most  of  the  muscles  of  the  face  and  scalp. 

The  eifjhth  pair  (antlitory  nerves)  arise  close  to  the 
facial.  They  are  the  nervca  of  hearing  and  are  disti-ibutod 
entirely  to  tlie  internal  ear. 

The  ninth  pair  (j^lussopharifngeuh),  IX,  arising  close   lo 
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^Bfche  auditones,  are  distributed  to  the  mucous  memhniiio  of 
^Pthe  pliarynx,  the  posterior  part  of  the  tongue,  und  tho 
middle  ear. 

The  tenth  pair  {pneittnof/as/n'e  nerves  or  vmji)^  X,  arise 
from  the  sides  of  the  medulla  oblongata.      Euc^h  gives 
branches  to  the  pliarynx,  gullet  and  Ktomne}),  the  larynx, 
'indpi|)o  and  luiig8»  and  to  the   heart.     The  vag:ufl  runs 
irlher  through  the  Bo<iy  tlian  any  other  cranial  nerve. 
The  elevcnih  pnir  (npinal  tuxfstmrij  nerves)^  XI^  do  not 
•jse  mainly  from  the  brain  hut  by  a  number  of  roots  at- 
•tached  to  the  lateral  eolunins  of  the  cervical  iK)rtion  of  tho 
lipinal  cord,  between  the  anterior  and  posterior  roots  of  the 
proper  cervical  spinal  nerves.     Each,  however,  runs  into 
the  skull  cavity  alongside  of  the  spinal  cord  and,  getting  a 
few  tilamenta  from  the  medulla  oblongata,  pas.se?  out  along 
with  the  glossopharyngeal  and  pnouniogastric  nerves.    Out- 
side the  skull  it  divides  into  two  branches,  one  of  which 
joins  the  pueumogastric  trunk,  while  the  other  is  distrib- 
H  uted  to  muscles  about  the  shoulder. 

H  The  tweljth  pair  of  cranial  nervea  (hypoglo$si)^  XII, 
arise  from  the  sides  of  the  medulla  oblongata;  they  are 
distributed  mainly  to  the  muscles  of  the  tongue  and  the 
hyoid  bone. 

Deep  Origina  of  the  Cranial  Nervea.  The  points  re- 
ferred to  iibovo,  at  which  the  various  cranial  nerves  appear 
on  the  snrface  of  tho  brain,  are  known  as  their  superficial 
^■origins.  From  them  the  nerves  can  be  traced  for  a  less  or 
^■greater  way  in  the  substance  of  the  bmin  until  each  is  foU 
^Blowed  to  one  or  more  mavises  of  gray  matter,  which  con- 
^Bfititnte  its  proper  starting-point  and  are  known  as  its  deep 
^Hor^^in.  The  deep  origins  of  all  except  the  first  and  second 
^^iind  part  of  the  eleventh  lie  in  the  medulla  oblntiguta. 
^^  The  Ganglia  and  Communioationa  of  the  Cranial 
^HKerres.  Besides  the  Gasseriaii  ganglion  above  referred 
^^to,  many  others  are  found  in  counection  with  the  cranial 
^pierves.  Thus  for  exam]3lo  there  is  one  on  each  of  the 
^^  main  divisions  of  tiie  trigeminal,  two  arc  found  on  each 
pneumogastric  and  two  in  connection  with  the  glosao- 
tharyngeal.     At  these  ganglia  and  elsewliere,  the  various 
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nenos  often  n»ceive  bmnclics  from  neighboring  eraninl 
Bpinul  ncrve4<,  so  that  very  soon  after  it  leaves  the  brain 
hardly  any  one  remains  frw?  from  iibrey  derived  from  other 
trunks  except  the  olfaetory,.  optic, and  aiulittiry  nervcH. 
This  often  makes  it  diffienlt  to  say  from  wliere  the  nerves 
of  a  spceial  part  have  eome;  for  example,  the  nerve-fibres 
going  to  the  submaxilhiry  nalivary  gland  from  tlie  trigemi- 
nal leave  the  brain  first  in  the  facial  and  only  afterwards 
enter  the  lifth;  and  many  of  the  fibres  going  apparently 
from  the  pnenmogastric  to  the  heart  come  originally  from 
the  spinal  accessory. 

The  Sympatlietio  System.  The  giinglia  which  form 
the  main  centre!*  of  tlio  pympathetic  nervous  svstem  lie  in 
two  rows  (*,  Fig.  2,  and  *//,  Fig.  3),  one  on  either  side  of 
the  luMliea  of  the  vertebrfp.  Each  ganglion  is  united  by  a 
nerve-trunk  with  the  one  in  front  of  it,  and  so  two  gre:it 
chains  are  formed  reacliing  from  the  base  of  the  skull  to 
the  coccyx.  In  the  trunk  region  these  chains  lie  in  the 
vcntml  cavity,  their  relative  piisition  in  which  is  indicated 
by  the  dots  ftj  in  the  dingmmmatio  transverse  section  re- 
presented on  i>.  7  in  Fig.  3.  Tlie  ganglia  on  these  chains  are 
forty-nine  in  numl)cr,  viz,,  twenty-four  pairs,  and  a  single 
one  in  front  of  the  ctKTvx  in  which  both  chains  terminate. 
They  are  named  from  tlio  regions  of  the  vertebral  column 
near  which  they  lie;  there  being  three  cervical,  twelve 
dorsal,  four  lumbar,  and  five  sjicral  pairs. 

Each  sympathetic  ganglion  \9  nnxieiihy  ctmtmunicating 
branrhei*  with  the  neighboring  spinal  nerves,  and  near  the 
sknll  with  various  cranial  nerves  also;  wliile  from  the  gaji- 
glia  and  their  uniting  cords  ari^  numerous  trunks,  many 
of  which,  in  the  thoracic  and  abdominal  cavities,  form 
plexuses,  from  which  in  turn  nenes  are  given  off  to  the 
visoero.  These  plexuses  frequently  ixissess  numerous  small 
ganglia  of  their  own;  two  of  the  most  important  are  the 
rtirrfMTr/»/rrM*  which  lies  on  the  dorsal  side  of  the  heart, 
and  the  itohir  plexun  which  lies  in  the  abdominal  cavity  and 
supplies  nerves  to  the  stomach,  liver,  kidneys,  and  intes- 
tines. Many  of  the  sj-mpathetic  nerves  finally  end  in  the 
walls  of  the  blood-vessels  of  vanous  organs.     To  the  naked 
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eve  they  are  commouly  gruycr  in  color  than  the  cerebro- 
spinal iienes. 

The  Sporadic  O-anglia.  These,  for  the  most  part  very 
minute,  nerve-rentres  ure  found  ficattered  in  nearly  all 
piirU  of  the  Body.  They  are  especially  abandunb  in  the 
neighborhood  of  secretory  tissues  and  about  blood-vessels, 
while  a  very  important  set  is  found  in  the  heart.  Nerves 
unite  them  with  the  cerebro-gpinul  and  sympathetic  cen- 
tres, and  probably  many  of  them  belong  properly  to  the 
eympathetic  system. 

The  Histology  of  Nerve- Fibres.  The  microscope  shows 
that  in  u^lditiou  to  connective  tidsuo  and  other  accessory 
parts,  such  as  blood-vessels,  the  nervous  organs  contain  tis- 
.Ak6s  peculiar  to  themselves  and  known  as  nerve-fihres  and 
nerve-velh.  The  colls  are  found  in  the  centres  only;  while 
the  fibres,  of  whicli  there  are  two  main  varieties  known  as 
the  white  and  i\\egray,  are  found  in  both  trunks  and  cen- 
tres; the  wliite  variety  predominating  in  the  cerebro-spiual 
nerves  and  in  the  white  substance  of  the  centres,  and  the 
gray  in  the  sympathetic  trunks  and  the  gray  ])ortion8  of 
the  central  organs. 

If  an  ordinar)'  cerobro-spinal  nerve-trunk  be  examined 
it  will  Im?  found  to  be  envelojjed  in  a  loose  sheath  of  areolar 
connective  tissue,  wliich  forms  a  packing  for  it  and  luiites 
it  to  neighboring  parts.  From  this  sheath,  or  peritieuritan, 
bandj*  of  connective  tissue  penetrate  the  nerve  and  divide 
it  up  into  a  number  of  smaller  cords  or  funiculiy  much 
as  a  muscle  is  subdivided  iuto  fasciculi;  each  funiculus 
boa  a  sheath  of  its  own  called  the  neurilemma^  composed 
of  several  concentric  layers  of  a  delicate  membrane,  witlt- 
in  which  the  true  nerve-fibres  lie.  These,  which  would  be 
nearly  all  of  the  white  kind,  consist  of  extremely  delicate 
thi'eads.  about  0.0125  millm.  (yoVir  inch)  in  diametx»r,  but 
frequently  of  a  length  which  is  in  proportion  very  great. 
Each  nerve-fibre  in  fact  is  continuous  from  a  uene-centrc 
to  the  organ  in  which  it  ends,  so  that  the  filircs,  e.g.  which 
pass  out  through  the  sacral  plexus  and  tlien  run  on  through 
the  sciatic  nerve  and  its  branches  to  the  skin  of  tlie  t4>os,  are 
three  to  four  feet  long.     If  a  perfectly  fresh  nervc-tibro 
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bc!  examined  with  the  microscope  it  presents  the  appoftr- 
ance  of  a  |>erfeclly  homogeneous  glassy  thread;  hut  sooi»  it 
acquires  a  characteristic  double  contour  (Fig.  71)  from  the 
cojigulation  of  a  pnrti(»n  of  its  substance.  By  proper  treat- 
ment with  reagents  three  hiyers  may  be  brouglit  into  view, 
Outeidc  is  a  tine  transparent  envelope  (1,  Fig.  7'-!)  called 
the  primitive  shmtk  ;  inside  tiiia  is  a  fatty  substance,  2, 


Fio.  71. 


U}\\ 


Fio.  71  .—White  nprvo-flhren  »non  aftrr  remrtral  f rmn  the  Body  luiil  whm  th^ 
hftve  Acqiiirod  their  double  coulour 

Flo.  ra.— DlAffrom  lIlustraUnK  the  Rtnu'iunp  of  tt  irhite  or  meduUatrd  nvrve- 
|i6r«.     1, 1,  primitive  KbmiUi  \  t,  'i,  mtHJullur^-  lOteatli  \  n,  axiit  cyllutlvr. 


forming  the  medullary  sheath  (the  coagulation  of  which 
gives  the  fibre  its  double  border),  and  in  the  centre  is  a 
core,  the  axis  rylindrr^  3,  which  is  clearly  the  essential 
part  of  the  fibre,  sinew  near  its  ending  the  primitive  and 
medullary  sheaths  arc  fre<|ucntly  absent.  At  intervals  of 
about  one  millimoler  (Vy  inch)  along  the  fibre  arc  found 
nuclei.  These  arc  indicalions  of  llie  primitive  cells  which 
by  their  olongation^  fusiou  aud  i^tljer  mudificatioiis  have 
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built  up  the  ncrvc-fibrc,  ftntl  around  each  there  is  a  sj)..ll 
amount  of  nnmorlificil  protopliism.  The  medullary  sheath 
is  interrupted  Imlf  way  between  each  pair  of  nuclei  at  a 
]>oint,  called  the  node,  which  answerH  to  the  origiuid  boantl- 
ary  between  the  two  cells.  In  the  course  of  a  nerve-trunk 
itd  fibres  rarely  divide;  when  a  branch  ia  given  oflE  some 
fibres  merely  separate  from  the  rest,  much  as  a  skein  of  silk 
might  be  scparattKl  out  at  one  end  into  smaller  bundlefl  con- 
taining fewer  threads. 

Gray  Norvo-Pibrea.  Some  of  these  are  merely  white 
fibres  which  near  their  peripheral  ends  have  lust  their  me- 
dullary Hbeath:;;  but  others  have  no  medullary  sheath 
throughout  their  whole  course,  consisting  merely  of  an 
axis  cylinder  (often  longitudinally  striated)  and  primitive 
sheathy  with  nuclei.  Such  fibres  arc  eHpceially  abundant  in 
the  sympathetic  trunks;  and  they  alone  are  found  in  the 
olfactory  nerve.  In  the  communicating  bruTiclic?  between 
the  aympatheti*'  ganglia  and  the  spinal  nerves  both  white 
and  gray  fibres  are  found;  the  former  being  probably 
cerebro-spinal  fibres  passing  into  the  sympathetic  system. 
while  tlie  gray  fibres  originate  in  the  sympathetic  system 
and  pass  into  the  spinal  cord.  Anollier  class  of  gray  nerve- 
fibres  may  l)e  called  nervf-fihriU :  they  are  extremely  fine 
and  result  from  the  subdivision  of  axis  cylinders,  close  to 
their  final  endings  in  many  part.s  of  the  Hody,  after  they 
have  already  lost  b(tth  primitive  and  niodullary  sheaths. 
Many  fine  gmy  fibres  exist  inUhc  nerve- centres. 

The  Histology  of  Nerve-Cells.  So  far  as  our  knowl- 
edge at  i>resenl  g(K'S  the  only  structures  known  with  cer- 
tainty to  be  connected  with  the  central  ends  of  nerve-fibrea 
are  nrrve-reih,  and  these  latter  may  therefore  be  regarded 
as  the  central  organs  of  the  ncrvc-fibrcs.  However,  miuiy 
nerve-fibres  have  not  yet  been  tnieed  into  continuity  witli 
nerve-cells,  and  possibly  end  in  ihc  trutros  in  other  ways. 

At  1,  Fig.  73,  is  slu>\vn  a  tvpical  ncrvc-cull  such  as  may 
l>e  found  in  an  anterior  horn  of  the  gray  matter  of  the 
spinal  cord.  It  consists  of  the  r^//  /Wy,  or  cell  protophwm, 
in  which  is  a  large  nucleus  containing  a  nucleolus.  From 
the  Ixaly  of  the  cell  arise  several  branches,  the  gre4it  ma- 
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joviiv  of  wliioh  siiMivido  and  form  fine  nerre-fibres  in  the 
)ir«\  jinlwtaiuv  of  tho  ^pinat  cord.  One  process  of  the  oelly 
lto\\o\\'r,  (I,  (Kh'4  not  branch,  but  is  continued  into  the  an- 
lorior  i>H»t  of  a  s|n«al  norve,  acquiring  a  medullary  and  prira- 
II no  icUoatU  a(  ^.  and  boi^oming  thus  the  axis  cylinder  of  a 
lU'iAo  l)b)v,  l^thor  norviM.vlls  (as  shown  at  2  and  4)  do  not 
l^ux|v^]«  tho  |HH-uliaraxis-<\vliuder  process;  all  their  branches 
oiitior  join  tho  bruuolu's  of  other  cells  or  enter  a  fine  net^ 


biHMiiH^thi<«\tit\'>hi  iWr  of  A  tifr\r  rtbiv  .  ;^.  i*o  \vlU  uiiit«<J  bj«  pforcM,  r: 
^  UiAicrain  of  ihr«<«*\vUKunil<>l  by  t»r«tK-h«H  «iih  ^^ih' atK^btr.  and  fch  havlw 
an  «sisv\linj«>r  |»t\h^>v>  .  4.  a  muUi|vi*r  t.vU  wuhvHi:  an  iTi     i  linrti  t  prnift 

work  of  jrniy  iior\o-lU»riK  Most  norvc-coHi:  are  lai^r 
than  the  majority  of  the  other  ^.vlls  of  the  Body,  their 
average  tliameter  in  the  anterior  hi»nis  of  the  gray  snln 
stain-eof  the  e»»nl  UMUg  O.I  millimeter  (yjj  inch).  In 
the  j»usierii>r  horns!  iliey  are  Mualler,  and  in  the  brain 
many  minute  nerve-cells  are  f<mn<l  in  aiiJiiinii  to  these 
larger  one^.     In  ganglia  the  eell>  as  a  niK>  are  ini»rv  reg* 
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uliir  in  outline  than  those  depicted  in  Fig.  73,  and  have 
fowor  brandies,  most  appearing  indeed  to  liave  bnt  two. 
Otlicra  have  been  dcKcribt^d  as  poHHessing  only  one  proees« 
eonneoted  with  tliem.  and  Konie  with  none,  but  the  ex- 
btencoof  tho^e  is  doubtful,  since  in  separating  the  cells  for 
microdcopie  examination  the  delicate  proeenses  may  retuiilv 
l>e  broken  olT  and  ho  escai>e  ileteotion. 

The  Structure  of  Nervo-Centres.  These  consist  of  white 
and  gTiiy  nerve-librci,  of  nerve-cell*t,  and  of  connective 
tissue  and  blood-vessels  arranged  in  different  ways  in  the 
different  centres.  Ganglia  are  collections  of  nerve-cells 
and  nerve-Obres,  some  of  the  latter  being  connected  witii 
the  colls,  while  others  fieem  merely  to  pass  through  the 
ganglion  on  their  way  to  other  parts.  The  whole  miiss 
is  enveloped  and  supported  by  other  tissnes.  As  an  illus- 
tration of  the  structure  of  a  more  complex  ne^^'e-centre 
we  may  study  the  spinal  cord. 

Histology  of  the  Spinal  Cord.  If  a  thin  transverse  sec- 
tion of  the  spinal  cord  be  examined  with  a  microscope  it 
will  l>e  found  to  exhibit  the  following  parts  (Fig.  74). 
Enveloping  the  whole  and  adherent  to  the  rest  is  the  deli- 
cate layer  of  eonnc<'tivo  tissue  forming  tlie  pin  mahr. 
This  lines  the  anterior  fissure,  1,  and  an  offshoot  from  it 
tills  up  the  posterior  fissure,  2.  Elsewhere  tine  bands  of  it 
run  in  and  ramify  through  the  cord,  supporting  the  nerv- 
ous elements;  some  of  the  coarser  of  these  are  represented 
at  6,  7,  and  elsewhere  in  the  figure,  luit  from  these  still 
liner  processes  arise,  as  represented  at  //  and  e  in  Fig.  75, 
and  snrniund  the  individual  nerve  fibres  and  cells.  This 
ultimato  finest  connective  tissue  supporting  the  nervous 
tissnes  directly,  belongs  to  the  retiform  variety  (p.  KMJ), 
and  is  oalle<l  the  nrurntjlin.  In  the  white  columns,  the 
cord  (Fig.  7o)  will  he  seen  to  be  mainly  nia^le  up  of  modtil- 
latcd  nci-vc-flbros  which  run  longitudinally  and  therefore 
appear  in  the  transverse  section  as  circles,  with  a  dot  in 
the  centre,  which  is  the  axis  cylinder.  At  b  in  Fig.  7') 
these  fibrfs  are  represented,  the  intermediate  connective 
tissue  l»eing  omitted,  while  ut  e  this  latter  alone  is  repi*e- 
ficnted  iu  order  to  show  more  clearly  its  arruugcmeut.     At 
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the  levelB  of  the  nerve-roots  horizontal  white  fibres  are 
found  (9  and  10,  Fig.  74.  and  a.  Fig.  T-i)  nuining  int<j  the 
gray  matter,  and  (ithers  exist  at  the  bottom  of  the  anterior 
fissure,  running  from  one  side  of  the  cord  to  the  other. 
In  the  gray  snbstanpo  the  same  snpportiTi<:r  network  of  con- 
nective tissue  18  found,  but  in  it  the  majority  of  the  nerve- 
fibres  are  non-meduUated,  and  at  certain  points  nerve-cells, 


Fio.  lAr-Ji  thin  tr&n<)ren«  seotkHi  of  ludf  of  the  spinal  cord  mafrnlflM  aT)t>ut 
10  dlaniftenii.  1,  uiiU*nor  flmurv  :  S.  posterior  flsKun?  ;  3,  runtdia  i-mtrtiii»  : 
B.  pia  tnatrr  r>nTf]nping  the  cord  ;  A,  7,  Mnibi  of  pla  iDRt«^r  fwnrlratttiK  tlip  cord 
And  nupportlujC  Ibt  iienu  elcoipnts  :  V.  a  posterior  root ;  u>.  buudleb  o(  an  mile 
rlor  root ;  a,  6.  c,  <f,  e,  tcroupa  of  nerre-ceUs  lo  the  gruy  matter. 

such  as  are  totally  absent  in  the  white  substance,  are  found. 
One  collection  of  tlieso  nervo-cclls  is  seen  at  e  in  Fig.  ?4, 
and  others  ai*e  represented  at  a,  d,f,  and  elsewhere.  The 
nerve-fibres  in  the  gray  matter  are  for  the  most  part 
branches  of  thf^se  cells  (see  Fig.  73),  and  a.s  they  unite 
with  one  another  freely  they  form  a  structurally  continuous 
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network  through  tlie  whole  gray  eubfltanco.  The  fibres  of 
the  anterior  root*  of  the  gpinnl  nerves  enter  the  gn\y  mat- 
tor  und  there  become  continnoud  with  the  unhrandu'd  pro- 
oesd  of  a  nerve<;ell;  the  ending  of  the  posterior  root-fibrca 
]S  not  quite  certain,  but  they  a[)pour  to  break  np  und  join 
the  gray  network  directly,  without  the  intervention  of  a 
cell.  In  any  case  the  fundamental  fact  remains  that  every 
nerve-fibre  joining  the  spinal  mrd  is  directly  or  indirectly 
in  continuity  with   the  gray  network  and  ao  with  all  the 
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otlicr  fibres  of  all  the  spinal  nenes.  Fi-om  the  eidea  of  the 
gray  substance  fibres  continually  jmss  out  into  the  white 
portion  and  become  medullated;  eume  of  these  enter  tlie 
gray  network  again  at  another  level  and  ao  bring  parts  of 
the  cord  mfo  e«|)ccially  close  union,  while  others  puBS  on 
into  the  brain.  At  the  top  of  the  nock,  moreover,  the 
gray  matter  of  the  co:*d  is  continuous  with  that  of  the 
medulla  oblongata  and  through  it  with  the  rest  of  the 
brain,  eo  that  nervous  disturbimccs  can  pass  by  anatomi- 
cally continuous  patlis  from  one  to  the  other. 
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The  FropertioB  of  the  KervouB  System.  General  Cou' 
ififlerations.  If  tlie  finger  of  anv  one  unexpectedly  touchea 
a  very  hot  object,  pain  is  felt  and  the  hand  is  suddenly 
snatched  away;  that  is  to  say,  sensation  is  aroused  and  cer- 
tjiin  nmscles  are  Ciiused  to  contract.  If,  however,  the 
nerves  puj^su]g  from  the  arm  to  the  spinal  cord  have  been 
dividtMi.  or  if  they  have  twcn  rendered  Incapable  of  activity 
by  disease,  no  such  resnlU  follow.  Pain  isnot  then  felt  on 
touching  the  hot  body  nor  docs  any  movement  of  the  limb. 
occur;  even  m^ire,  under  such  circumstances  the  strongeiM 
effort  of  the  will  of  the  individual  will  he  unable  to  eaojlff 
any  movement  of  his  hmid.  If,  again,  the  nerves  of  the 
limb  have  uninjured  ronuection  with  the  spinal  cord,  but 
parts  of  the  latter,  higher  up,  between  the  bruin  and  the 
point  of  junction  of  the  nerves  of  the  brachial  plexus  with 
the  cord,  are  injured,  tlien  a  sudden  couUiet  with  the  hot 
botly  will  cause  the  arm  to  be  suittuhed  away,  but  no  pain 
or  otlier  sensation  due  to  the  contact  will  lie  felt,  nor  C^H 
the  will  aet  upon  the  muscles  of  the  arm.  From  the  coi^^ 
parison  of  what  happens  in  such  oases  (which  have  been 
observed  over  and  over  again  upon  wounded  or  diseased 
persons)  with  what  occurs  in  the  natural  condition 
things,  several  important  conclasions  may  be  arrived  at:* 

I.    The  feeUmj  of  pain  does  not  reside  in  the  burnt  pa^ 
iteelf ;  although  that  may  be  perfectly  normal,  no  seni 
tion  will  be  aroused  by  any  external  force  acting  upon 
if  the  nervous  cords  uniting  it  with  the  centres  be 
viously  divided. 

^!.    Hie  hoi  body  has  originated  some  change  whickt  pi 
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p'tfffi/fitl  nlong  the  nerve-trunks^  hrtJt  rxrited  a  romlifio/t  «/' 
/he  nerv€-c9ntren  which  in  accompanierl  by  a  aenBation,  in 
this  pnrticular  cui?e  a  painful  one.  This  is  clear  from  the 
fiiet  tJiat  the  lot^s  of  ^ent^iion  imniodiutely  tnllown  <]ivi8ion 
of  the  nerves  oi  the  limb,  but  not  tlie  injury  of  any  of  it* 
other  parts;  nnle8«  of  such  a  character  as  to  cut  off  the 
•supply  of  blood,  when  of  course  the  nerves  soon  die,  with 
(he  rest.  Even,  however,  some  time  after  tying  the  vesselH 
which  c^irry  blo«jd  to  a  limb  one  can  observe  in  experiments 
upon  the  lower  animals  that  sensibility  ia  still  retained  if 
the  nervcK  be  not  directly  injured. 

3.  When  a  uervv  in  thf  skin  itt  cj-cthd  by  a  burn  or  other- 
irine  ti  fioen  not  di redly  mil  forth  tnuftrular  rontractionjt; 
for  if  so,  touching  the  hot  botiy  would  cause  the  limb  to  be 
moved  even  when  the  nerve  is  divided  high  up  in  the  arm, 
and  an  a  matter  of  observation  and  experiment  we  find 
that  no  such  rcnult  follows  if  the  nerve-fibres  have  been 
cut  in  any  part  of  their  course  from  the  burnt  part  to  the 
spinal  marrow.  It  is  therefore  throuyh  the  nerve-rfntrcH 
thai  the  rhange  trntinmittcd  from  the  excited  part  of  the 
nkin  M  rejfrrted  or  sent  harlc^  to  art  upon  ttie  viuHrles, 

4*  The  laHL  dcdui-tion  makes  it  probable  that  )ierve-fibrcA 
muM  paag  from  the  centre  to  muncle^s  a»  well  ns  from  the 
^kin  to  the  rrntre.  This  is  confirmed  by  the  fact  that  if 
the  nerves  of  the  limb  1h»  dividc<l  the  will  is  unalile  to  act 
upon  its  muscles,  showing  that  these  are  excited  to  con- 
tract through  the  nerves.  That  the  nerve-fibres  concerned 
in  arousing  sensation  and  muscular  contraction?  arc  differ- 
tnt,  is  «hown  also  by  c:i.ses  of  disease  in  which  the  sensi- 
bility of  the  limb  is  lust  while  the  power  of  voluntarily 
moring  it  remains,  and  by  other  ea«es  in  which  the  reverse 
is  seen,  objects  touching  the  hand  being  felt  while  it  can- 
not be  ninvt-d  by  the  will.  We  con<'lu(lc  thru  that  cer- 
tain nerve-fibres  when  slrmulate<l  convey  something  {n 
nervQUH  impuhr)  to  the  centrc-s,  and  that  these  when  ox- 
cited  may  nuliate  impulses  fhrnugh  other  nerve-fibres  to 
distjint  parts,  the  centre  serving  u--^  a  connecting  link  be- 
tween the  fibres  which  carry  impulses  from  without  in,  and 
those  which  convey  tliem  from  within  out. 
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r>.  Further  we  coiu'lude  that  the  spinal  cord  cav  art  as, 
an  iiilermediary  between  ihe  fihrrn  carryinff  in  tiervotts  im- 
puhea  and  tho^r  aitrt/hig  Ihetn  out,  but  thtit  aemtat'om  can- 
not he  arOHxed  by  itnpnhr,^  renvhinfj  the  npinal  tord  ow///, 
nor  has  the  Witl  its  scat  there  ;  volition  and  vonsriousness  are 
dependent  upon  states  of  the  brain.  Tin's  follows  from  the 
uncunscious  movemeuts  of  llie  lirnh  whiL'h  folhnv  stimuhi- 
tion  of  itHskin  iift4?r  such  injury  to  tlii*  sjiinal  vavti  uh  pre- 
vents the  tninsmihyion  of  ni'rvous  iiii|nilK's  finilier  on 
(showing  that  the  cord  is  a  reflex  centre)^  iin<l  from  the 
absence,  in  such  cujics,  of  senKiition  in  the  purt  whose  norvefl 
have  heen  injured,  Hnd  the  loss  of  the  power  of  voluntarily 
euufiing  its  muscles  to  contract. 

6.  Finally  wo  conclude  that  the  spinal  cord  in  addition 
to  beinff  a  centre  for  reflex  actions  serves  also  to  transmit 
onwards  nervous  impulses  to  the  brain:  a  fact  which  \»  con- 
6rraed  by  the  histological  observation  tliat  in  addition  to 
the  nervo-ccUs,  which  are  the  characteristic  constituents  of 
nerve-centres,  it  contains  the  simply  conductive  nerve- 
fibres,  many  of  which  puss  on  to  the  brain.  In  other 
words  the  spinal  curd,  bc^fidcs  containing  fibres  which  enter 
it  from,  and  pass  from  it  to.  peripheral  part^  conUiins 
many  which  unite  it  to  other  centres  ;  and  connect  the 
various  centres  in  it,  as  those  for  the  arms  and  lega,  to- 
gether. This  is  true  nat  unly  of  the  sjnnal  cord  but  of  the 
brain  (which  contuinn  uiany  Gbres  uniting  different  centres 
in  it), and  prtFbably  of  all  nerve-centres. 

Tho  Functions  of  Norve-Centros  and  Nervo-Jrunks, 
From  whal  Imt  been  staled  in  tbe  previous  parjgraplis  it  is 
dear  that  we  may  distinctly  separate  the  nerve-trunks  from 
the  ucrve-ccntres.  The  fibres  serve  simply  to  ct^uvey  im- 
pulses either  from  witliout  to  a  centre  or  in  the  oppopitc 
direction,  while  the  centres  conduct  and  do  much  morn. 
Some,  as  the  spinal  coid,are  merely  reflcr  centres,  and  have 
nothing  to  do  with  states  of  consciousness.  A  man  with 
his  spinal  cord  cut  or  disetwod  in  the  dorsal  region  will 
kick  violently  if  the  soles  of  his  feet  be  tickled,  but  will 
I'eol  nothing  of  the  tickling,  and  if  he  did  not  see  his  legs 
would  not  know  that  they  were  moving,      Keflex  centres 
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morewver  do  not  act,  us  a  rule,  indifferently  and  ca«uully, 
but  rcarrau^o  tho  impulses  reaching  them,  so  as  to  pro- 
duce 11  protective  or  in  fome  way  advnnt.igeous  rcMill.  In 
other  WMirdi*,  thef'O  reiitrot^,  Mt'tini;  in  hi-alili,  co!tini(;u1y  ro- 
ordinotv  the  ini'ornin*;  inii»ul-;i'--*  :itid  ^ivo  rise  to  outward- 
goiug  impiilites  whit'h  produce  ati  apparently  ]mrposivo 
result.  ITie  burnt  hand  or  tho  tickled  foot,  in  tho  ubaonco 
of  all  consciousness,  are  snatehed  away  from  tho  irrilnnt, 
and  food  chewed  in  tho  month  exiit^:f«  nervca  there  which 
act  on  u  centre  which  cansos  certain  cells  in  tho  sidivaiy 
glands  to  form  and  pour  into  the  mouth  more  saliva.  In 
addition  to  tho  reflex  centres  we  have  otherK.  placed  in  the 
brain,  and  which,  when  excited,  cause  in  us  various  states 
of  consciousness,  as  i^ensations,  emotions,  and  tho  will; 
coucortiing  those  renirM  of  cnnsriuusnfSH,  however,  oar 
physiological  knowledge  is  still  vei*y  incomplclo  and  so  they 
are  i^till  largely  grouped  liy  prfyc]u»l<»gists  according  to  their 
individual  fancy.  The  brain  also  contains  u  great  many 
important  reflex  centres,  as  that  for  the  muscles  of  swallow- 
ing, an  act  which  goes  on  perfectly  without  our  conscious- 
ne^  at  all.  In  fiu-t  if  wo  pay  attention  to  our  swallowing 
■we  fail  to  perform  it  as  well  as  if  we  let  the  nervo-niU!=cular 
aptmratus  alone.  To  complete  the  statement  of  the  func- 
tions of  the  norve-centroa  wc  must  probably  add  two  other 
groups.  The  first  of  these  is  that  of  the  au/omafir  centres, 
which  are  <*entre»  excited  not  directly  by  nervo-libres  con- 
veying impnlj«?s  to  them,  but  in  other  wayn.  For  example 
the  breathing  movements  go  on  independently  of  our  con- 
sciousness, iK'ing  de]H'ndenlon  stimulation  of  a  nerve-centre 
in  tho  brain  by  tlio  blood  whlfdi  flows  througli  it  (see  Chap. 
XXVI.);  and  the  beat  of  the  heart  isalsodej>endent  (Chap. 
XVIL)  upon  nerve-centres  the  excitant  of  which  is  un- 
ktiown.  The  tinal  group  of  non*e-centres  is  represented 
by  certain  8]»onwlic  symj'^thciic  and  cercbro-s|nn;d  ganglia 
which  are  not  known  to  be  either  reflex,  automatic,  or  con- 
scions  in  function.  They  may  1>o  called  rclatf  and  junr* 
finn  centteiSy  .«ince  in  them  probably  an  impulse  entering 
by  one  nerve-tibro  excites  a  cell,  wliich  l>y  its  commuui- 
eating  branches  arouses  many  others,  and  these  send  out 
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impulsofi  then  by  the  muny  ncrvo-fibrcs  connected  with 
thorn.  By  such  mewns  a  ginglo  nerve-fibre  can  act  upon 
un  extended  region  of  the  Body.  In  other  ciiscn  it  seems 
likely  that  a  feeble  nervous  impulse  reniiiiug  an  irritable 
ncrvo-cell  excites  changes  in  this  comparable  to  those  pro- 
duced i»i  a  nniscle  when  it  is  stimulated;  and  tlie  cell  by 
ita  discharge  eeuds  on  iviuforced  nerve  impulses  along  it8 
other  branches. 

£xcitant  and  Inhibitory  Nerves.  The  ^roat  majority 
of  the  iirrvt'-lil)rcs  (tf  tlit-  Body  when  they  convey  nervous 
impulses  to  u  part  arouse  it  to  activity;  they  are  excUani 
fibrea.  There  i-^,  however,  in  the  B<Kly  another  very  im- 
portant set  whicli  arivst  the  activity  of  partj*  and  which 
are  known  aa  inhihilnrtf  jirrrt'-jihrfH.  Some  of  these  check 
the  action  of  central  ucrvuus  organs,  and  others  the  work 
of  peripheral  parts.  For  instance  taking  a  pinch  of  snuff 
will  make  most  persons  sneeze;  it  excites  centrally  acting 
liUrcs  in  the  nose,  these  excite  a  centre  in  the  brain, 
and  this  iii  turn  8ends  out  impulses  l>y  efferent  fibres  which 
cause  various  muscles  to  contract.  But  if  the  akin  of  the 
upper  lip  ho  pini-hed  immediately  after  taking  the  snuff,  in 
most  casci*  the  reflex  act  of  snepzing.  which  the  Will  alone 
conld  not  prevent,  will  not  take  place.  The  afferent  im- 
pulses conveyed  from  the  skin  of  the  lip  liave  "  inhibited" 
what  we  may  call  the  *'i^neezing  centre;''  and  afford  us 
therefore  an  example  of  inliibitoi-y  fibres  checking  a  centre. 
On  the  other  hand,  the  heart  is  a  mtiscular  organ  which 
goes  on  l>eating  steadily  throughout  life;  but  if  the  branches 
of  tho  pneumoga^tric  nerve  going  to  it  be  excited,  the  beat 
of  the  heart  will  be  stopped;  it  will  cease  to  work  and  lie  in  a 
relaxed  resting  condition :  in  this  we  have  an  instance  of  an 
inhibitory  nerve  checking  the  activity  of  a  f»eripheral  organ. 

Classification  of  Nerve-Fibres.  Nearly  all  the  nerve- 
fibres  of  tho  Btxly  fall  into  one  of  two  grG;it  groups  corre- 
sponding to  those  winch  carry  impulses  to  the  centres 
and  those  which  carry  them  ou»  from  the  centreg. 
The  former  are  called  afferent  or  Cf.niripefal  fibrfx  and  the 
latter  efferent  or  centrifufjnl.  Since  the  impulses  reaching 
the  centres  through  the  afferent  fibres  generally  cause  sen- 
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riatiouti  ihej  ara  often  culled  sensory  fibr$s\  and  as  many  t)f 
those  which  c&rry  out  unpulseti  from  the  centres  excite 
moremeDifi,  they  are  frequently  ciilled  motor  fibres;  but 
these  last  numes  arc  bad,  since  even  excluding  inliibi- 
tory  nerves,  many  alTorent  tibrea  arc  not  sensory  and  many 
efferent  are  not  motor. 

We  may  distinguish  as  subdivisions  of  «jfcrflM^yi^r^» — the 
following  groups.  1.  Sensory  fibreif  proper^  the  excitement 
of  which  is  followed  by  a  iicuriHtion  when  they  are  con- 
nected with  their  brain-centre,  which  sensation  may  or 
may  not  give  rise  to  a  voluntary  movement.  2.  Reflex 
flbrett^  the  excitation  of  which  may  be  attended  with  con- 
scionsness  but  gives  rise  to  invohintar}-  efferent  impulses. 
Thus  for  example  light  falling  on  the  eye  causes  not  only 
a  sensation  but  also  :i  narrowing  of  the  pupil,  which  is  en- 
tirely independent  of  the  control  of  the  Will.  No  absolute 
line  can,  however,  be  drawn  between  these  fibres  and  those 
of  the  last  group:  any  sudden  excitation,  as  an  unexpected* 
noise,  will  cause  an  involuntary  movement,  while  the  same 
sound  if  expected  would  cause  a  movement  or  not  accord- 
ing as  was  willed.  3.  Extrifo-muior  fibres.  The  excitation 
of  these  when  reaching  a  nerve-centre  causes  the  stimula- 
tion of  efferent  fibres,  but  without  the  participation  of 
consciousness.  During  fasting  for  instance  bile  accumu- 
lates in  the  gall-bladder  and  there  remains  until  some 
semi-digested  food  passes  from  the  stomach  into  the  intes- 
tine. This  is  acid,  and  stimulates  nerves  in  the  mneone 
membrane  lining  the  intestine,  and  these  convey  an  im- 
pulse to  a  centre,  which  in  consequence  sends  out  impulses 
10  the  must.'ular  coat  of  the  gall-bladder  causing  it  to  con- 
tract and  ex}X!]  its  contents  into  the  intestine:  but  of  nil 
this  we  are  entirely  unconscious.  4.  Centro-inhihitory 
fibres.  Whether  these  exist  ap  a  distinct  class  is  at  present 
doubtful.  It  niHV  be  that,  they  are  only  ordinnn*  sensory 
or  reflex  fibrcj*  aud  thai  the  inhibition  is  due  only  to  the  in- 
terference of  two  impulses  reaching  a  central  organ  at  the 
same  time  and  impeding  or  hindering  the  full  production 
of  the  normal  result  of  either. 

In  efferent  nerve*fibres    physiologists    also    distinguish 
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Beronl  groups.  1.  Jfii/^r  fi^^f  which  are  disthbnled  to 
the  muflclefi  and  gorem  their  contmetiotu;.  t,  Vaso-moior 
fibres.     These  arc  not  logically  sejiarablc  from  other  motor 

fibres;  but  they  ure  distributed  to  the  mascles  of  the  blood- 
▼eaeeld  and  by  governing  the  blood-snpply  of  rarious  parts, 
indirectly  produce  such  secondary  revolts  a«  entirely  over- 
fibodonr  their  primary  effect  as  merely  producing  muscular 
contructioDJL  3.  S*'creiory  fibres.  These  are  dietribnted 
to  the  cells  of  the  Body  which  form  Tariouh  litjnids  used  in  it, 
atJ  the  saliva  and  the  guf^tric  juice,  and  arouse  them  to  ac- 
tivity. The  salivary  glands  for  instance  may  be  made  to 
form  saliva  by  stinmlating  uervcj  going  to  them,  and  the 
same  ia  true  of  the  cells  whieli  form  the  «weat  poured  oat 
upon  the  stirface  of  the  Body.  4.  Trophic  nerre-fibrtjf. 
Under  thii  head  are  included  nene-fibres  which  have  been 
supposed  to  govern  the  nutrition  of  the  various  tissues,  and 
.flo  to  control  their  healthy  life.  It  is  ver}-  doubtful,  how- 
ever, if  any  such  ncrvc-fibrcs  exist,  mo5t  of  the  facts  cited 
to  prove  their  existence  being  otherwise  explicable.  For 
instance  »hingUs  is  a  disease  characterized  by  an  eruption 
on  the  skin  along  the  line  of  certain  neri'es  which  run  be- 
tween the  rib«;  but  it  may  bo  dependent  upon  disease  of 
the  vaso-motor  nerves  which  control  the  blood-supply  of 
the  part.  In  other  cases  diseases  ascribed  to  injury  of 
trophic  nerves  have  been  shown  to  be  due  to  injury 
of  the  sensory  nen*es  of  the  part,  which  having  lost  itfi 
feelingf  is  exposed  to  injuries  from  which  it  would  other- 
wise have  been  protectetl.  On  the  other  hand  it  may  be 
said  that  secretory  nerves  arc  trophic  nerves  in  the  tme 
sense  of  the  word,  since  when  excited  they  cause  the  se- 
cretory cells  to  live  in  a  special  way  (p.  2G9)  and  produce 
substauccs  wliich  when  unacted  upon  by  their  nerves  they 
do  not  form.  But  if  wo  call  sccretor}*  nerves  trophic  wo 
must  include  also  under  that  name  all  other  efferent 
nerves;  the  nutritive  processes  going  on  in  a  muscular 
fibre  when  at  work  are  different  from  those  in  Ihe  same 
fibre  when  at  rest,  and  the  same  is  true  of  all  other  cells 
the  activity  of  which  iagovcrued  bynciTC-fibrcs.  5.  Pcri- 
pherallt^aciing  inhibitory  nerves. 
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Interoentral  Nervo-Pibrea.  Tlicse,  which  do  not  convey 
impulso.-*  In  «»r  frtuu  pLMiphoral  parts  iiiid  iiorvf-oentros.  but 
conncot  ono  oi-ntro  with  iinnthcr.  form  ii  final  prnup  in  iu\- 
dition  to  ciTorcnt  and  afferent  ncn'o-tibro-^.  Many  of  thcni 
oonueet  the  sporadic  and  sympathetic  ganglia  with  ono 
unotlier  ami  with  the  corebrf>-.«pinal  centre,  while  others 
place  different  parts  of  this  latter  in  direct  communication; 
AS  for  instance  different  parts  of  the  ajiinal  cord,  the  bi-ain 
and  the  Bpinal  cord,  and  the  two  halves  of  the  -brain. 
These  fibres  are  of  very  great  importance,  but  as  yet  their 
cour?se  is  imperfectly  known. 

General  Table.  Wo  may  physiologically  classify  nerve- 
fibres  as  in  the  following  tabular  form  which  is  founded 
upon  the  facts  above  stated. 


Xcnre-flbrps. 


Afferent. 

Exrii/>-moior 
Inhibitory? 

Periplierttl. 

Motor. 

EfftTcnt. 

Vaso-molor, 
Secretory. 
Tropliic  ? 
Inhibitory. 

latercentral. 

Exciting. 
Inhibitory. 

The  Stimuli  of  Nervo-Fibros.  Nerve-fibres,  like  mus- 
cular fibrea.  poi^iiesa  no  automaticity;  acted  ujxm  by  certain 
external  {orcesov iffimuH  they  propafjatea  change,  which  ia 
known  as  a  nervous  impulse,  from  the  point  acted  upon  to 
their  ends;  but  they  do  not  generate  ner\'ou3  impulses  when 
left  entirely  to  themselvcp.  Normally,  in  the  living  Body 
the  stimnlus  acta  on  a  ncrve-tibro  at  one  of  ita  ends,  being 
cither  eome  change  in  a  nerve-centre  with  which  the  fibre 
u  connected  (efferent  nervcH)  or  some  change  in  an  organ 
attached  to  the  outer  end  of  the  nerve  (afferent  fibres). 
Experiment  shows,  however,  that  a  nerve  can  be  stimulated 
in  any  part  of  its  course;  that  it  is  irritable  all  through  ita 
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extent.  If,  for  r-sampk',  the  sciulic  of  i\  frog  he  exposed  in 
the  thigh  anfl  dividoil,  it  will  be  found  that  electric  shocks 
applied  at  the  point  of  dimion  to  the  out<r  half  of  the 
nerve  stimulate  the  motor  fibres  in  it.  and  c^use  the  mus- 
cular fibres  of  the  leg  to  contract :  and  similarly  such  shocks 
applied  to  the  cut  end  of  the  central  half  irritate  the  affe- 
rent fibres  in  it,  as  shown  bj*  the  signs  of  feeling  exhibited 
by  the  animal.  InourselreH,  too,  we  often  have  the  oppor- 
tunity of  observing  that  the  sensory  tibR»8  can  tie  stimulated 
in  their  course  ut  some  dij^tance  from  their  ends.  A  blow 
at  the  back  of  the  elbow,  at  the  point  commonly  known  as 
the  *' fnnny  bone"  or  the  *' crazy  bone,"  compresses  the 
ulnar  nerve  there  against  the  subjacent  bone,  and  starts 
nervous  impulses  which  make  themselves  known  by  severe 
tingling  j>ain  referred  to  the  little  and  ring  fingers  to  which 
the  nerve  is  distributed.  This  shows  not  only  that  the 
nerve-fibres  can  be  irritated  in  their  course  as  well  as  at 
their  ends,  but  also  that  sensations  do  not  directly  tell  us 
where  a  nerve-fibre  h;is  been  excited.  No  matter  where  in 
its  course  the  impulse  has  been  started  we  unuonsciously 
refer  its  origin  to  the  peripheral  end  of  the  afferent  nerve. 
General  and  Special  Nerve  Stimuli.  Certain  external 
forces  excite  all  ucrve-tibrcs,  and  in  any  part  of  their  course. 
These  are  known  as  general  nerve  sthnuU;  others  act  only 
on  the  end  organs  of  nerve-fibres,  and  often  only  on  one 
kind  of  end  organ,  and  hence  cannot  be  matle  to  excite  all 
ne^^'G8:  these  latter  are  commonly  known  as  special  nerrr 
utimuU.  In  reality  they  are  not  properly  nerve  stimuli  at 
all;  but  only  things  which  so  affect  the  irritable  tissues  at- 
tached to  the  ends  of  certain  nerve-fibres  as  to  make  thcAc 
tissues  in  turn  excite  the  nen-es.  For  example  light  itself 
will  not  stimulate  any  nerve,  not  even  tlie  optic:  but  in  the 
eye  it  effects  changes  (apparently  of  a  .'^hemical  nature) 
by  which  substances  of  the  nature  of  genrtral  nerve  stimuli 
are  )H'oduced  and  these  stimulate  the  optic  nerve-fibres. 
The  ends  of  the  nerves  in  the  skin  are  not  accessible  to 
light  nor  are  the  proper  end  organs  on  which  the  light 
actj?  there  present,  so  light  does  not  lead  to  the  ]>roduction 
of  nervous  impulses  in  them:  but  the  oj  tic  i  erve  witliont 
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ite  poculiar  end  orgiins  would  be  just  us  inscn^^iblo  to  light 
as  these  are.  Similiirly  thu  aoriai  vibnittims  which  affect 
us  as  80und8,  do  not  stimuhito  directly  the  Hbrenof  the  uudi- 
tory  nerve.  They  act  on  terminal  organs  in  the  ear,  and 
these  then  stimulate  the  fibres  of  tlie  nerve  of  hearing,  jast 
jw  they  would  any  other  nerve  which  hapi>encd  to  be  con- 
nected with  thero. 

Oaneral  Nerve  Stimuli.  Those  known  are  ( 1 )  fleciric 
vurreriiif :  an  electric  shock  passed  through  any  part  of 
any  uerve-libre,  powerfully  excites  it.  A  steady  current 
|>a^Hing  tliruugh  a  nerve  dues  not  stimulate  it,  but  any 
t*udden  change  in  this,  whether  an  increase  or  a  decrease, 
does.  A  very  gradual  change  in  tiie  amount  of  electricity 
passing  throngh  a  nerve  in  a  unit  of  time  will  not  Btitnu- 
late  it.  (2)  Merhanifud  stitmiH.  Any  sudden  pressure 
or  traction,  as  a  blow  or  a  pull,  will  stimulate  a  nerve- 
fibre.  On  the  other  hand  steatly  pressure.,  or  pressure  very 
slowly  iucreaged  from  a  minimum^  will  not  excite  the 
nerve.  (3)  Thvrmal  jtfifftuh'.  Any  sudden  heating  or  cool- 
ing of  a  nerve,  as  for  instance  bringing  a  liot  wire  close  to 
it.  will  stimulate;  slow  changes  of  temperature  will  not.  (4) 
Chemual  MimnU,  Many  substances  which  alter  tho  ner%*o- 
fibre  chemically,  stimulate  before  killing  it;  thuf^  dipping 
the  cut  end  of  a  ncr\'e  into  strong  si^lution  of  common  salt 
will  excite  it,  but  very  slow  chemical  change  in  a  nerve 
fails  to  stimulate. 

In  the  case  of  all  these  general  stimuli  it  will  be  neen 
that  as  one  condition  of  their  efficracy  they  iuunt  art  with 
considerable  suddenness.  On  thr  either  hand  too  transient 
influences  have  no  efTect.  An  electric  shock  sent  for  only 
0.0015  of  a  second  through  a  nerve  does  not  stimulate 
it:  apparently  tho  inertia  of  the  nerve  molecules  is  too 
great  to  be  overcome  liy  .so  brief  an  action.  So,  also,  too 
strong  sulphuric  acid  and  many  other  bodies  kill  nerves 
immediately,  altering  them  so  rapidly  that  they  die  without 
U'ing  stimulated. 

Special  Nerve  Stimuli.  These  as  already  explained 
act  only  on  particular  nerves,  not  because  one  nerve  is  es- 
sentially different  from  another,  but  because  their  influence 
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is  Cicited  through  spociul  end  organs  which  ure  peculiar  to 
some  nerves.  These  stimuH  ure — (1)  Chjmges  occurring  in 
central  organs,  of  whose  nature  wc  know  next  to  nothing, 
but  wliich  excite  the  efferent  nerve-tihrcH  connected  with 
them.  The  remaining  sjiecial  stimuli  act  nn  afferent  fil)rcs 
tliri>ugh  the  seriso-organs.  They  are — (2)  Light,  which  by  the 
iutervenliun  uf  organs  in  the  eye  excites  the  o|»lic  nerve,  (2) 
Sound,  wliieli  by  the  intervention  of  organs  in  the  car  excitea 
the  uuditory  nerve.  (3)  Heat,  which  through  end  organs  in 
the  tfkin  is  able,  by  very  slight  changes,  to  excite  certain 
nerve-fibres:  such  slight  changes  of  temperature  being 
efficient  as  would  he  quite  incapable  of  acting  tus  general 
nerve  stimuli  without  the  proper  end  organs.  (4)  (liemictil 
(Uftncieat,  Tliesc  when  extremely  feel)le  and  incapable  of 
acting  as  general  stimuli,  can  act  as  i^pecial  i^timnli  through 
sjweial  end  orguns  ilk  the  mouth  and  noso  (as  in  tttste  and 
smell)  and  probably  in  otlier  \\ixv\^  of  the  alimentary  tract, 
where  very  feeble  acids  aud  alkalies  seem  able  to  excite 
certiiin  nerves,  and  rcflexly  through  them  excite  movements 
or  stir  up  the  cells  concerned  in  making  the  digestive 
liquids;  for  example  the  contraction  of  the  gull-bladder 
already  referred  to.  (5)  Mechanical  stimuli  when  so  feeble 
as  to  I>o  inefficient  as  general  stimuli.  Pressure  on  tho 
skin  of  tho  forehead  or  the  back  of  the  hand,  etjual  to  .002 
gnim  (.03  grain)  can  he  felt  thntngh  the  cud  organs  of 
the  sensory  fibres  tliere,  but  would  lie  quite  incapable  of 
acting  as  a  general  stimulus  in  the  absence  of  these. 

It  will  bo  noticed  as  regards  the  special  stimuli  of 
afferent  nerves  that  many  of  them  are  merely  less  degrees 
of  general  stimuli;  the  end  organs  in  skiu,  mouth,and  nose 
arc  in  fact  excited  by  the  same  things  as  tho  nei*ve-fibres, 
but  arc  fur  more  irritable.  In  the  case  of  the  higher 
senses,  seeing  and  liearing.  however,  the  end  organs  seem 
to  differ  entirely  in  jiropt-rly  from  nerve-fibres,  being 
excited  by  sonorous  and  luminous  vibrations  which,  so  far 
06  we  know,  will  in  no  degree  of  intensity  directly  excito 
nerve-fibres.  To  make  an  end  organ  for  recognizing  very 
slight  pressures  wo  may  imagine  all  that  would  be  needed 
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wouM  be  to  exfwMc  dirpctly  u  very  dHiwitc  enil  branch  of 
the  iixis  cvlinder.  iind  this  seems  in  fiiot  to  be  the  case  in 
the  ncrres  of  the  tjvneparent  exposed  part  of  the  eyeball,  If 
not  in  many  other  parts  of  the  external  integument  of  the 
Body.  But  as  axis  cylinders  are  quite  unirritalde  by  light 
or  soand  a  mere  ox{>OBure  of  them  would  be  useless  in  the 
eye  or  ear,  and  in  cjich  case  wo  find  accordingly  a  rcry 
complex  apparatus  developed,  whose  function  it  ia  to 
couTert  these  modes  of  motion  which  do  not  excite  nerves 
into  others  which  do.  We  might  compare  it  to  a 
cartridge,  which  contains  not  only  *'  irritable"  gunpowder 
but  highly  "  irritable"  dotoiiaring  powder,  and  the  stimulus 
nf  the  blow  from  the  hammer  which  would  not  itself  ignite 
the  gunimwder,  acting  on  tlie  <ictonating  powder  (which 
represents  an  **  end  organ"),  causes  it  to  give  off  a  spark 
which  in  turn  excites  the  gunpowder,  which  answers  to  the 
nerve-fibre. 

Speciflo  Nerve  Energies.  We  have  already  seen  that  a 
nervous  impulse  propagated  along  a  nerve-fibre  will  give 
rise  to  different  results  according  as  different  nerve-fibres 
are  concerned.  Traveling  along  one  fibre  it  will  arouse  a 
sensation,  along  another  a  movement,  along  a  third  a  se- 
cretion. In  aildition  we  may  observe  readily  that  these 
different  results  may  be  ]ir*Kiiicod  by  the  same  physical 
force  when  it  acts  upon  different  nerves.  Radiant  energy, 
for  example,  falling  intf>  the  eye  causes  a  srnsation  of 
sight,  but  falling  upon  the  akin  one  of  heat,  if  any.  The 
different  results  whicli  follow  the  stimulation  of  different 
nerves  do  not  then  depend  upon  differences  in  the  jdiysical 
forces  exciting  them.  This  is  still  further  shown  by  tlie 
fact  that  different  physical  forces  acting  upon  the  same 
nerve  arouse  the  same  kind  of  sensation.  Light  reaching 
the  eye  causes  a  sight  sensation,  but  if  the  optic  nerve  l)c 
irritated  by  a  blow  on  the  eyebiiU  a  f^eneation  of  light  is 
felt  just  as  if  actual  light  had  stimulated  the  nerve  ends. 
So  too  when  the  optic  nerve  is  cut  by  the  surgeon  in  ex- 
tirpating the  eyel)all.  the  patient  experiences  the  sensation 
of  a  flash  of  light;  and  the  same  result  follows  if  an  electric 
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Rhork  be  Hpnt  through  the  lu'rvo.  Different  nerves cxcilpil 
by  the  same  «tinjulus  jirodueo  dilTercnt  n^sultrf,  und  the 
same  nerve  excited  by  different  gtimali  gives  the  same  nv 
Bult.     How  are  these  factfi  to  be  exjilained? 

The  first  explanation  which  snggesU  itself  is  that  the 
various  nerves  differ  in  their  properties:  that  electricity 
applied  to  a  motor  ner\'0  causes  a  muscle  to  contract,  and 
to  the  optic  nerve  a  visual  sensiition,  aiid  to  the  lingual 
nerve  a  sensation  of  taste,  Ix'Ciuue  nerv(ms  impulses  in 
the  motor,  ojUic,  and  lingual  nerves  diiTcr  from  one  an- 
other. This  was  the  view  held  by  the  older  physiologists; 
and  that  supposed  peculiarity  of  ainuseultir  nerve  by  which 
its  irritation  cnu.-^ed  !i  niusculnrcfmtraeliou,  and  that  of  the 
optic  nerve  in  consequence  of  \vhi(_')i  itj^t  cxcitiition  caused  a 
sensation  of  sight,  and  so  on,  they  called  the  specijic  enrrgtf 
of  the  nerve.  Seeing  further  thut  when  a  motor  nerve  was 
cut  and  its  peripheral  stump  pinched  the  muscles  connt^led 
with  it  contracted,  but  that  when  its  central  end  was 
pinched  no  sonsatiou  or  other  recognizable  change  followed, 
while  exactly  tiie  reverse  was  true  of  a  sensory  nerve,  they 
believed  that  afferent  nerves  differed  essentially  from  effe- 
rent nervc>.  inasmuch  jis  the  hiKer  tMUild  only  ])ropagate 
impnlses  centrifugally  and  the  former  only  eentrijictallj. 
Now,  however,  we  have  much  reason  to  believe  tluit  this 
view  is  wrong  and  that  all  nerve-tibrea  are  exactly  alike  in 
their  physiological  properties,  and  can  carry  nervous  im- 
pulses either  way.  The  differences  observed  depend  in 
fact  not  on  any  differences  in  the  nerve-fibres,  but  on  the 
different  ]»arts  connected  with  their  ends;  iu  other  words 
on  the  different  terminal  oi'^jaus  excited  h\  the  in>pulsea 
conveyed  by  the  fibre.  A  motor  fibre  is  one  which  has  at 
it«  peripheral  end  a  muscular  fibre,  aud  a  centrifugally  trav- 
eling impulse  reaching  this  wilt  cause  it  taconlnict;  but  the 
cells  connected  with  its  central  end  arc  not  of  inch  anatnro 
as  to  give  rise  to  sensations  when  centripet^lly  traveling 
impulses  reach  them,  or  to  transmit  these  to  other  efferent 
Hhres  and  so  cause  reflex  movements;  aT)d  therefore  when  a 
motor  fibre  is  stimulated  in  the  middle  of  i*s  course  the 
outward-going  impnlso  causes  a  movement,  while  the  oeu- 


TUB  SfMILAIiirr  OF  yenVEFIBRES. 


loa 


trally  tniveling  impair  starting  at  the  ^ame  time,  gives 
no  direct  sign  of  its  exi»<tcuec.  Similurly  iov  u  wnisory 
nervo  such  as  the  optic;  if  it  bo  htiiniiluleil  sumewliore  k'- 
twei^it  the  bruin  luid  llie  cycbull  the  centrally  traveling 
impulse  will  ctiuar  i\  sensation  of  light,  by  exciting  the 
brain-centre  connected  with  it»  but  the  outward  traveling 
impulsct  not  rem^'hing  niiiscular  fibres  or  other  parts  which 
it  can  arouse  to  activity,  remains  concealed  from  our  no- 
lice.  In  other  words  the  so-called  specific  energy  of  a 
nerve-fibre  dej^ends  upon  tlie  terminal  organs  on  which  it 
can  act  and  not  on  any  pe<u!i;irity  <if  the  nerve-fibre  itself. 
Proofb  that  all  Nerve-Fibroa  are  Physiologically  Alike. 
(1)  The  most  nmrkcil  difference  l»etween  nerve-tibrcH  is 
obviously  that  between  efferent  and  afferent,  and  the  mi- 
croscope fiiiU  entirely  to  shnw  any  differences  between  the 
two.  Some  motor  and  some  sensory  fil>reH  may  l>e  )»igger 
or  loss  than  others,  some  may  l>o  white  and  others  may  be 
gray,  but  such  differences  are  secondary  and  have  no  cor- 
rehition  with  the  function  of  the  nerve.  We  can  recognize 
no  constant  difference  in  structure  Ijetween  the  two.  (2) 
The  physical  properties  and  chemical  comiwsition  of  motor 
and  sensory  nerves  agree  in  all  known  points.  {*^)  When  a 
nerve,  say  a  motor  one,  is  etimnluted  Jmlf  way  between 
the  centre  and  a  muscle,  a  nervous  impulse,  as  we  call  it,  is 
projwgated  to  the  muscle,  which  impulse  star(<j  at  the 
point  stimulated  and  travels  at  a  definite  rale  to  the  mus- 
cle, the  contracium  of  which  latter  evidences  its  arrival. 
Xow  starting  at  the  same  moment  from  the  same  point,  and 
traveling  at  the  same  rate,  is  a  change  in  the  electrical 
properties  of  the  nerve  which  can  be  detected  by  a  good 
galvauometer and  which  is  called  the  '*  negntive  varittfioH.*" 
Since  this  negative  variation  and  tlu*  nervous  impulse  co- 
exist at  any  given  moment  in  a  particular  ]x>int  of  the 
nerve  and  disappear  from  it  together,  we  conclude  that  the 
negative  variation  is  a  chaujire  in  the  electrical  pro}>ertie8 
of  tlie  nerve  depenil(*nt  on  lliat  internal  movement  of  its 
molecules  which  constitutes  a  nervous  impulse.  It  is  an 
externally  recognizable  physical  sign,  and  tlie  only  known 
une,  of  the  existence  of  the  nervous  impulse  as  it  travels 
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along  the  fibre.  If  the  nmsrlc  were  (.iit  away  from  the  cod 
of  the  nerve  wc  could  still  detect  tiiat  a  nervous  impulse 
had  traveled  from  the  point  of  stimulation  to  that  where 
the  fibres  were  divided,  by  trucking  the  negative  variation. 
Now  if  we  examine  the  part  of  the  nerve  on  the  central 
side  of  the  stimulated  ]ioiut  we  find  that  a  negative  varia- 
tion (and  licuce  wc  eunclude  a  uervoun  impulse)  travels  that 
way  too;  it  starts  at  the  same  moment  a>5  the  efferent  nega- 
tive variation  and  travels  in  the  same  way.  Init  the  impulse 
of  which  it  is  a  sign  produce:*  no  moi*e  effect  than  the  efferent 
impulse  would  after  the  muscle  had  been  cut  away;  for  it 
does  not  reach  any  muscular  (il)re,  or  sensory  or  retlex  centre, 
which  it  can  arouse  to  activity.  (4)  The  following  experi- 
ment is,  however,  more  conclusive.  If  a  rat's  tail  be  am- 
putated close  to  the  body  of  the  animal  and  be  then  trans- 
planted to  the  back  and  sewn  into  the  skin  there  by  its 
narrow  end.  it  will  grow  in  this  new  ponition,  with  the 
broiul  eiul,  which  was  previously  attached  and  nearest  the 
spinal  cord,  now  free  and  farthest  from  it.  The  tail,  in 
other  words,  will  be  upside  down.  After  the  wound  has 
healed,  the  nerve-Jibres  in  the  tali,  or  suiue  of  them,  attach 
themselves  to  the  cut  ner>e-tibres  in  the  wound  of  the 
back  to  which  k  was  transplanted,  and  the  tail  again  be- 
comes sensitive  if  the  end  now  free  be  ])inehed.  Here  one 
of  two  things  must  have  occurred.  Kither  the  afferent 
ner^'e-tibres  in  the  tail  which  naturally  carried  impubea 
from  its  tip  up,  now  ea,rry  them  in  the  o])positc  direction 
from  the  broad  end  to  the  tip,  or  the  efferent  nene-fibrca 
which  carried  motor  impulses  down  the  tjiil,  now  carry  sen- 
sory impulses  and  truusmit  them  to  the  sensor}' lihrcB  in 
the  back  with  which  they  have  become  continuous.  If  the 
first,  which  is  the  more  probable  hypothesis,  be  true,  it 
is  proved  that  afferent  nerve-fibres  can  carry  impulses  ju 
either  directioii:  if  the  second  be  true  it  is  still  more  clear 
that  there  is  no  special  peculiarity  In  a  sensory  nervoag 
impulse  when  compared  with  a  motor. 

Afferent  and  efferent  nene-libres  then  differ  in  no 
observable  jtroporty.  AH  are  alike  in  faculty  and  their 
different  names  simply  imply  that  they  have  different  ter- 
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minal  organs.  Just  as  all  mnscles  are  alike  in  general 
phrsiologicul  properties^,  and  differ  in  special  function 
according  to  the  jnirU  on  which  they  act,  so  are  all  nerve- 
fibres  alike  in  general  phrsiological  properties,  and  differ 
in  special  function  only  l>ccausc  they  arc  attached  to  8|>e- 
ciul  things.  The  special  physiology  of  variona  nenes  will 
hereuftcr  Im?  con*>iderod  in  connection  with  tlie  working  of 
varfons  mechanisms  in  the  liody.  If  it  be  true  that  the 
great  sulxlivisions  of  afferent  and  efferent  fibres  have 
identieiU  pro])erties,  it  follows  that  this  in  a  fortiori  true 
of  the  minor  subtliTisions  of  each,  and  that  auditory,  gus- 
tatory, and  optic  Derve-fibres  are  all  alike,  and  all  identi- 
cal with  motor  and  vaso-motor  and  secretory  nerve-fibres: 
and  that  the  nervou!<  impulse  is  in  all  caeee  the  same  thing, 
varying  in  inteniiity  in  different  caeea  and  in  the  rate  at 
which  others  follow  it  in  the  same  fibre*  but  the  same  in 
kind.  To  put  the  C3b«e  more  definitely:  Li^ht  outside  the 
eye  exists  as  ethereal  vibrations,  sound  out.side  the  ear  as 
vibrations  of  the  air  (oommouly).  Each  kind  of  vibration 
acts  on  a  particular  end  organ  in  eye  or  ear  which  is 
adapted  to  be  acted  upon  by  it,  and  in  torn  these  end 
oi^ns  excite  the  optic  and  auditory  nerve-fibre?*:  these  in 
consequence  transmit  impuWs,  which  reaching  different 
parts  of  the  brain  excite  them;  the  excitement  of  one  of 
these  brain-centres  is  associated  with  sonorous  and  of  the 
other  with  visual  sensations.  The  nervous  impulse  in  the 
two  eases  is  quite  alike,  at  least  as  to  quality  (though  it  may 
differ  in  quantity  and  rhythm)  and  the  resulting  difference 
in  quality  of  the  sensations  cannot  depend  on  it.  The 
quality  differences  in  these  cases  must  bo  products  of  the 
central  nervous  system.  If  we  had  a  set  of  copper  wires  we 
might  by  sending  precisely  similar  electric  currents  through 
them  produce  very  different  results  if  different  things  were 
interposed  in  their  course.  In  one  case  the  current  might 
be  sent  through  water  and  decompose  it.  doing  chemical 
work;  in  another  through  the  coil  of  an  electro-magnet 
and  raise  a  weight;  in  a  third  through  a  thin  platinum 
wire  and  develop  light  and  heat,  and  so  on;  the  result 
de{>ending  on  the  terminal  organs,  as  we  may  call  them^ 
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of  each  wire.  Or  on  the  other  hand  we  mi^ht  gmi- 
erate  tlie  current  in  each  wire  differently,  In  one  by  a 
Danieirs  cell,  in  a  second  by  a  thermo  electric  machine^ 
in  a  third  by  the  rotation  of  a  magnet  inside  a  coil.,  but  the 
currents  in  the  wires  wonld  be  essentially  the  same,  aa  the 
nervous  impulses  are  in  a  nerve-fibre.  No  matter  how 
they  have  been  started,  provided  their  amount  is  the  same, 
whether  they  shall  produce  similar  or  disaimilar  leBolta, 
dc]>ends  only  on  whether  they  are  connected  with  similar 
or  dissimilar  end  organs. 

The  Kature  of  a  NerrouB  Impulse.      Since  between 
sense-organs  and  sensory  centres,  and  these  latter  and  the 
muscloR,  nervous  impulses  are  the  only  means  of  communi- 
cation, it  is  through  them  that  we  arrive  at  our  opinions 
concerning  the  external  universe  and  through  them  that 
we  are  u))lc  to  act  u])on  it;  their  ultimate  nature  is  there- 
fore a  matter  of  great  interest,  but  one  about  which  we 
unfortunately  know  very  little.      We  cannot  well  ima- 
gine it  anything  but  a  mode  of  motion  of  the  molecules  of 
ti»o  nervc-fibros,  but  beyond  this  hypothesis  we  cannot  go 
far.     In  niuny  points  the  phenomena  presented  by  nerve- 
fibres  as  transmitters  of  disturbances  are  like  the  phenom- 
ena of  wircH  as  tranpmitters  of  electricity,  and  when  the 
])henomerni  of  current  electricity  were  first  observed  there 
was  a  great  tendency,  explaining  one  unknown  by  another, 
to  (!<>nsidcr  nervous  impulses  merely  as  electrical  currents. 
The  incre»i«e  of  our  knowledge  concerning  both  nerves  and 
el(»ctrio  currents,  however,  has   made  such  an  hypothesis 
almost  if  not  quit«  untenable.     In  the  first  place,  nerve- 
iil^roH  are  extremely  bad  conductors  of  electricity,  so  bad 
that  it  is  impossible  to  sup}>ose  them  used  in  the  Body  for 
that  purpose;  and  in  the  second  place,  merely  physical  con- 
tinuity of  a  nerve-fibre,  sucli  as  would  not  interfere  with 
the  passage  of  an  electric  current,  will  not  suffice  for  the 
tninsmission  of  a  nervous  impulse.     For  instance  if  a  damp 
string  he  tied  around  a  nerve,  or  if  it  be  cut  and  its  two  moist 
ends  placed  in  contact,  no  nervous  impulse  will  he  trans- 
mitted across  the  constricted  or  divided  point,  although 
an  electrical  current  would  pass  readily.      An  electri^ 
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shock  may  be*  usoil  like  many  other  stimuli  to  upset  the 
eifuitibriuiu  of  the  Dcrve  molecules  Und  stare  u  Dervou8  im- 
pulse, wlnoh  theu  traveb  along  the  tibre,  but  is  just  af^  dif- 
fereut  from  the  stimulus  exciting  it.  as  u  muscular  eoutrai> 
tiun  is  from  the  stimulus  which  culls  it  forth. 

The  nerves,  however,  have  ecrtaiu  interesting  electrical 
properties  from  the  study  of  wljich  we  learn  some  little 
jiljont  a  nervous  impulse.  As  alremly  mentioned  wlienever 
a  nervous  impulse  is  started  in  a  nerve  an  electrical  change, 
kuown  OS  the  '^  negative  variation**  or  **  action  current,**  is 
started  at  the  same  time,  from  tho  same  jioint,  and  travels 
along  the  nerve  at  the  same  rate.  Hence  wc  conclude  that 
the  new  internal  molecular  iirnm^^emeut  in  u  ncrve-tihro 
H'h'!ch  constitutes  its  active  as  coin|)urcd  with  its  resting 
stutc.  is  al«o  one  whioli  chanties  the  electrical  properties  of 
the  tibre.  It  is  an  outward  sign  and  the  only  known  one 
o(  the  internal  change.  Now  it  is  found  tluit  the  iu:tion 
current  ti*uTels  along  tho  nerve  (in  the  frog)  at  the  rate  of  28 
meters  (9'^00  feet)  in  a  second  wnd  tiikes  .0007  second  to 
pass  by  it  given  point:  accordingly  at  anyone  moment  it 
extends  over  «bout  18  mm.  (0.730  inch)  of  tho  nerve- 
libre.  Moreover,  when  lirst  renching  a  jtoint  it  is  very 
feeble,  theu  rises  to  a  maximum  and  gruduidly  fades  away 
again.  Taking  it  as  an  indication  uf  wliat  is  giving  on  in 
the  nerve,  we  may  assume  that  the  nervous  impulse  is  a 
molecular  change  of  a  wavelike  chai'aeter,  rising  from  a 
minimum  to  u  maximum,  Uien  gradually  ceasing,  and  about 
18  millimeters  in  length. 

The  Bate  of  Trannmisaion  of  a  Nervoua  Impulse. 
This  can  be  mciisured  in  several  ways,  and  is  far  slower  than 
that  of  electric  currents.  It  agrees  as  al>ovu  stated  with 
that  of  the  negative  variation,  being  28  meters  (92.00  feet) 
per  second  in  the  motx)r  nerves  of  a  frog.  In  man  it  is 
somewhat  (piicker,  being  33  meters  (108.24  feet)  per  second, 
tlmt  is  about  ,io  of  the  rate  of  the  transmission  of  sound- 
waves in  air  at  zero. 

Functions  of  the  Spinal  Nerve-Boots.  The  great  ma- 
ii>ritv  of  tlie  larger  nerve-trunks  of  the  Body  ctmtain  both 
uffcront  and  efferent  nervc-librcs.     If  oue  be  exposed  in  its 
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course  and  tiiviiie*!  in  a  living  iniimal,  it  will  be  found  that 
irritating  iis  pcriphtTul  slump  causes  museular  coiitructioiia, 
and  pindiing  its  centnil  stiiinp  cause*  sig-ns  of  sensation, 
fihowMig  tliat  tlie  tiniuk  euntuined  both  motor  and  sensory 
librus.  If  the  ti-uuk  bo  followed  away  from  the  centre,  as 
it  breaks  up  into  smaller  and  smaller  branches,  it  will  bo 
found  that  those  too  arc  ruixed  until  very  near  tlieir  end- 
ings, where  the  Tcry  liiiest  terminal  branches  close  to  the 
end  organs,  whether  muscular  fibres,  secretory  cells,  or  8Ci»- 
aory  apparatuses,  contain  only  afferent  or  efferent  fibres. 
If  the  nerve-trunk  be  one  that  arises  from  the  s]>inal  cord 
and  be  exaniiiUMl  progrussivi'Iy  buck  to  its  origin,  it  wil] 
still  be  found  mixed,  up  to  the  jimnt  where  its  libres  sepa- 
rate to  enter  either  a  ventral  or  a  dorsal  nerve- root.  Each 
of  these  latter  however  is  pure,  all  the  efferent  fibres 
leaving  the  cord  by  the  ventral  or  anterior  rooU,  and  all  the 
afferent  entering  it  by  the  posterior  or  dorsal.  This  of 
course  could  not  be  told  from  examination  of  the  dead 
nerves  since  the  beet  microscope  fails  to  distinguish  an 
afferent  from  iin  efffrent  fibre,  but  is  readily  proved  by 
experiments  tirst  performed  by  .Sir  Churlej-  Bell.  If  aw 
anterior  root  be  cat  and  its  outer  end  stimulated,  the  mus- 
cles of  the  ])rtrts  to  which  the  trunk  which  it  helps  to  form 
is  distributed,  will  l»c  made  to  contract^  aud  the  skin  will 
be  made  tf»  sweat  aUo  if  the  n»yi  hap]tcn  to  l.te  one  that 
contains  se<!retory  fibres  for  the  sweat-glands.  On  the  other 
band,  if  the  central  end  of  the  root  (that  part  of  it  attached 
to  the  c{>rd)  be  stimulated  no  result  will  follow,  showing  that 
the  root  contains  no  sensory,  reflex,  or  excito-motor  fibrea. 
With  the  pr)sterior  ro<its  the  reverse  is  the  case:  if  one  of 
them  bo  divided  and  its  outer  end  stimulated,  no  observed 
result  follows,  showing  the  absence  of  all  efferent  fibres; 
but  siiinulutiou  of  its  centnd  end  will  cause  eitiier  signs 
of  feeling,  or  rcfiex  actions,  or  both.  We  might  compare  a 
spinal  nerve-trunk  to  a  rope  made  np  of  greeu  and  red 
threads  with  at  one  end  all  the  greun  threads  collected  into 
one  skein  and  tlio  red  into  another,  which  would  n^present 
the  roots.  At  its  further  end  we  may  suppose  the  roj»e 
divided   into  finer  cords^  each  of  thew  also  containing 
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red  and  green  threads  down  to  the  very  finest  branches 
cunsisting  of  only  a  few  tlireudi<  and  thu:je  ull  of  one  kind 
oithor  ntd  or  green,  one  reproj^Miting  efferent,  the  other 
afferent  fibres. 

The  Cranial  Nerves.  Moist  of  these  are  mixed  also,  but 
with  one  cxcepLiun  (the  tifth  pair,  the  ^iniill  root  of  whieh 
!•*  efferent  and  the  lur^e  pmglijited  one  afferent)  thev  do  not 
present  distinct  motor  and  sensor)'  rooLs,  like  those  of  the 
«piiial  nerves.  At  their  origin  from  the  brain  most  of  them 
Hi*e  either  purely  afferent  or  efferent,  ;iud  the  mixed  eh:u'- 
sicter  which  their  trunks  exhibit  is  due  to  eross-branches 
with  neighboring  uer^■es,  in  which  afferent  and  efferent 
librcis  are  interelianged.  The  olfactory,  optic,  and  audi- 
tory nerves  remain,  however,  purely  afferent  iu  all  their 
course,  and  otliern  though  not  quite  pure  eontaiu  maiidy 
efferent  tibnrs  (as  the  fa^eial)  or  mainly  afferent  (as  the 
gla-wo-pharNHigeal ). 

The  Intercommiimeation  of  Nervo-Centros.  From  the 
unutAjruicid  armugement  of  the  nervous  system  it  is  clear 
that  It  forms  one  rontinuous  whole.  Nt»  subdivision  of  it 
is  isolated  from  tlic  rest,  but  nerve-truuks  proceeding  fi'om 
(he  centres  in  one  direction  bind  them  to  various  tissues 
and.  proceeding  in  another,  to  uther  nervc-ccntrcs;  which 
in  turn  are  unite*i  with  other  tissues  and  other  eentren. 
Stnoe  the  physiological  ehanicter  of  u  nerve-fibre  is  iU  con- 
duotivity — it*i  power  of  propagating  u  disturbance  when 
once  ibs  molecular  equilibrium  ha^  been  upset  at  any  one 
point — it  is  obvious  that  through  the  nervous  syst^^m  any 
one  part  of  the  Body,  supplied  with  nerves,  may  react  on  all 
other  ]>art.s  (with  the  exception  of  8Ut;h  as  hairs  and  nails 
and  cjirtilages.  wlncli  are  not  known  to  possess  nerves)  and 
excite  changes  in  thoni.  Pre-eminently  the  nervous  system 
forms  a  uniting  anatomical  and  j^hysiological  bond  througl- 
the  agency  of  which  nnityund  order  are  produced  in  th* 
activiiios  of  different  and  ilistimt  \\\\v\^.  We  may  compare 
it  to  the  Western  Union  Telegraph,  the  head  office  o) 
which  in  New  York  would  represimt  the  brain  and  spinal 
cord;  the  more  imiwrtant  central  offices  in  other  large 
cities,  the  sympathetic  ganglia;  and   the  minor  offices  iu 
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country  stations  the  aporadic  ganglia;  while  the  tele- 
graph-wires, directly  or  iniHrectly  uniting  iilU  would  corn'- 
spoiid  to  the  nerve-trunks.  Just  iw  infininiition  started  along 
Bomo  oulli^ing  wire  may  be  transmitted  to  a  central  oftice, 
and  from  it  to  others,  and  then,  according  to  what  happens 
to  it  in  (he  ceiitie.  be  stopjjcd  tliere, or  spread  in  all  direc- 
tions, or  in  one  or  two  only,  so  may  a  nervous  disturbance 
reaching  a  centre  by  one  neryc-tnink  merely  excite  changes 
in  it  or  bo  radiated  from  it  through  other  trunks  more 
or  lesB  widely  over  the  Body  and  arouse  variouH  activi- 
ties in  its  other  comjioncnt  tissnes.  In  common  life  the 
very  fretjuency  of  tjii^  uniting  activity  of  the  nervous  gys* 
tern  is  sucli  that  we  are  a])t  to  entirely  overlook  it.  We 
do  not  wonder  how  the  sight  of  pleasant  iood  wilt  make  the 
mouth  water  and  the  hand  reach  out  for  it;  it  seems  as  wo 
say  *'  natural''  and  to  need  no  ex]>hinatton.  liut  the  eye 
itself  can  excite  no  desire,  caut^e  the  secretiua  of  no  saliva, 
and  the  movement  of  no  limb.  The  whole  con;plex  result 
de|»ends  on  the  fact  that  the  eye  ia  united  by  the  optic 
nerve  with  the  brain.  an<l  that  again  by  olJier  nerves  with 
aaliva-forming  cells,  and  with  muscular  libres  of  the  arm; 
and  through  these  a  change  excited  by  light  falling  into 
the  eye  is  enabled  to  produce  changes  in  far  removed  or- 
gans and  excite  denire,  secretion  and  movement.  In  cases 
of  disease  thi8  action  exerted  at  a  distance  is  more  apt  to  ex- 
cite our  attention:  vomiting  is  a  very  common  symptom  of 
certain  brain  diseases  and  most  people  know  that  a  disor- 
dered stomiujh  will  j)roduce  a  headache;  while  the  pain 
conser|uent  upon  the  liip-diseasc  of  children  ia  usually  felt 
not  at  the  hip-joint  but  at  the  knee. 
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CHAPTER  XIV, 

THE  ANATOMY  OF  THE  HEART  AND   BLOOD- 
VESSELS. 
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General  Statement.  During  life  the  blood  is  kept  flow- 
ing with  great  rapidity  throngli  all  jmrts  of  the  Body  (ex- 
cept the  few  non-vascular  tissues  already  mentioned)  in 
definite  paths  prescribed  for  it  by  the  heart  and  blood- 
vessels. These  paths,  which  under  normal  circumstances 
it  never  leaves,  constitute  a  continuous 
set  of  closed  tube*  (Fig.  76)  beginning 
at  and  ending  again  in  the  hearty  and 
simple  only  close  to  that  organ.  Else- 
where it  is  greatly  branched,  the  most 
nnmerona  and  firu'st  branches  (/  and  a) 
being  the  capiilariejf*  The  heart  is  es- 
sentially a  bag  with  muscular  walls  and 
internally  divided  into  four  chambers 
(rf,  g,  e,  f).  Those  at  one  end  (d  and  e) 
receive  blood  from  vessels  opening  into 
them  and  known  8«  the  vein$>  From 
there  the  blood  jia^seson  to  the  remain- 
ing chambers  (yand/)  which  have  very 
powerful  walls  and.  forcibly  contract- 
ing, drive  the  blnod  out  into  vessels 
(t  and  b)  which  communicate  with 
them  and  are  known  as  the  arteries. 
The  big  arteries  divide  into  smaller; 
these  into  smaller  again  (Fig.  77)  until  the  branches  be- 
come too  small  to  be  traced  by  the  unaided  eye,  and  these 
smallest  branches  end  in  the  capillaries,  through  which  the 
blood  flows  and  enters  the  commencements  of  the  vgina; 
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and  these  convey  it  ngain  to  the  heart.  At  ccrtiiin  point* 
in  the  course  of  the  hlnorl-pathH  valves  :irc  placed,  which 
prevent  a  hack-flow.  This  jiUernating  n^ceptioii  of  blood 
at  one  end  by  the  heart  and  itg  ejection  from  the  other  go 
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Fio.  T7.— The  «rlerlea  of  the  hnnd,  Khowin^  the  ootnmunicatfons  or  ODOsto- 
znosee  of  dlffereui  Arteries  ami  the  One  tt-nnliml  iviiga  fflven  ott  f rum  the  lajiper 
trunlcN:  thww  twl^  eu<l  In  the  cauillaiies  whloh  would  ntitv  be  vitJblo  if  niae- 
niflwl  R.  the  nuliul  urtrry  on  which  th»*  \m\w  in  usii&lly  felt  at  the  wrrtirt  ;  P. 
LUe  ulnjir  Art«-r]r. 

on  during  life  steadily  about  seventy  times  in  n  minute, 
and  so  keep  the  liftuid  cnnstantly  in  motion. 

The  vascular  system  is  completely  closed  except  at  two 
points  where  the  Ivmph-vesselsopen  into  the  veins  (p. 329); 
there  some  lymph  is  ponred  in  atul  mixed  directly  with  the 
-^'HmL     Accordingly  everything  which    leaves  the  blood 
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must  do  so  by  oozing  through  the  walls  of  the  blood-TessolB, 
and  everything  which  enters  it  must  do  the  same,  eiccept 
matters  conveyed  in  by  the  lymph  at  the  points  above 
mentioned.  This  interchange  through  the  walls  of  the 
vessels  takes  place  only  in  the  capillaries,  which  form  a  sort 
of  irrigation  system  all  through  the  Body.  The  heart, 
arteries,  and  veins  are  all  merely  arrangements  for  keeping 
the  capillaries  full  and  renewing  the  blwul  within  them. 
It  is  in  the  oapillaries  alone  that  the  blood  does  its  phy- 
siological work. 

Tho  Position  of  the  Heart.  The  heart  {h.  Fig.  1)  lies 
in  the  chest  immediately  above  the  diaphragm  and  oppo- 
site the  lower  two  thirds  of  the  breast-bone.  It  is  conical 
in  form  with  ite  base  or  broader  end  tunied  upwards  and 
projecting  a  little  on  the  right  of  the  sternum,  while  its 
narrow  end  or  apei,  turned  downwards,  projects  to  the  left 
of  that  bone,  where  it  may  be  felt  beating  between  the 
cartilages  of  the  fifth  and  sixth  ribs.  The  position  of  the 
organ  in  the  Body  is  therefore  oblir|ne  with  reference  to  its 
long  axis.  It  docs  not,  however,  tie  on  the  leftside  as  is 
so  commonly  supposed  but  very  nearly  m  the  middle  line, 
with  the  upper  part  inclined  to  the  right,  and  the  lower 
(which  may  bo  easier  felt  beating — hence  the  common 
belief)  to  the  left. 

The  Membranes  of  the  Heart.  The  heart  does  uot  lie 
bare  iu  the  chest  but  is  surrounded  by  a  loose  bag  composed 
of  connective  tissue  and  called  the  pericardium.  This  bag, 
like  the  heart,  is  conical  but  turned  the  other  way,  its  broad 
part  being  lowest  and  attached  to  tlie  upper  surface  of  the 
diaphragm.  Internally  it  is  lined  by  a  smooth  ^eroiia  mem- 
brane hke  that  Lining  the  atxlominal  cavity,  and  a  similar 
layer  (the  visceral  laijer  of  the  pericardium)  covers  the  out- 
side of  the  heart  itself,  adhering  closely  to  it.  Each  of  the 
eerons  layers  is  covered  by  a  stratum  of  flat  cells,  and  in  the 
space  between  them  is  found  a  small  quantity  of  liquid 
which  moistens  the  contiguous  surfaces,  and  diminishes  the 
friction  which  would  otherwise  occur  during  the  movements 
of  the  heart. 
Internally  the  heart  is  also  lined  by  a  fibrous  membrane, 
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coreredwith  a  single  layer  of  flattened  cells,  and  called  the 
endocardium.  Between  the  endocardium  and  the  visceral 
layer  of  tbc  pericardium  the  bulk  of  the  wall  of  the  heart  lies 
and  is  made  \\\i  muinly  of  striped  nnii^cular  tissue  (differing 
somewhat  from  that  of  the  skeletal  muscles) ;  but  connectire 
tisenea,  blood-ressels,  iierve-cells,  and  uerve-llbrea  are  also 
abundant  in  it. 

Nofe.  Sometimes  the  pericardium  becomes  inflamed, 
this  affection  being  known  as  pericai'ditis.  It* is  extremely 
apt  to  occur  in  acute  rheumatism,  and  great  care  fihonld 
be  taken  never,  even  for  a  moment,  except  under  medical 
advice,  to  expose  a  patient  to  cold  during  that  disease, 
since  any  chill  is  then  especially  apt  to  set  up  pericarditis. 
In  the  earlier  stages  of  pericardiac  inflammation  tlje  rubbing 
surfaces  on  the  outside  of  the  heart  and  the  inside  of  the 
pericardium  become  roughened,  and  their  friction  produces 
a  sound  which  can  be  recognized  through  the  etethosGOpo. 
In  later  stages  great  quantities  of  liquid  may  accumulate  in 
the  pericardium  so  as  to  seriously  impede  the  heart's 
beat. 

The  Cavities  of  the  Heart.     On  opening  the  heart  (see 

diagram,  Fig.  78)  it  is 
found  to  be  subdivided 
by  a  longitudinal  parti- 
tion or  septum  into 
completely  separated 
right  and  left  halves, 
the  partition  running 
from  about  the  middle 
of  the  base  to  a  point  a 
little  on  the  right  of 
the  apex.  Each  of  the 
chambers  on  the  sides 
of  the  septum  is  again 
incompletely  divided 
transversely,  into  a  thinner  basal  portion  into  which  reins 
open,  known  as  the  auricle,  and  a  thicker  apical  por- 
tion from  which  arteries  arise,  called  the  ventricle.  The 
heart  thus  consists  of  a  right  auricle  and  ventricle  and  a 


Tta,  n.  -~  DUirnun  representlnB'  a  Mctloa 
throu^  the  heart  from  oktm  to  ftpez. 
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left  auricle  and  ventricle,  eaoh  auricle  coniniunicating  by 
an  auriculo-veniriculnr  orifice  with  the  ventricle  o\\  its  own 
side,  and  there  is  no  direct  communication  whatever  through 
the  septum  betweon  tlie  opposite  aides  of  the  heart.  To 
got  from  one  side  to  the  oclier  the  blood  must  leave  the 
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Fio.  n.— The  heart  tuid  the  Erront  hl'>od -vessel  attAchfwl  to  It,  ae^  from  the 
tdde  towanla  tht*  sternum.  Tii**  left  cavities  ttiiil  tht?  ves<««*liK  i-oimet-tt^l  with 
them  are  cnli»pe<1  rM«I ;  th"-  right  blAck.  AU.  l^ift  aiiriclf  :  Ads  anj  Ag.  the  H^rht 
Biiil  li*ft  auriL-ulfir  nptpendOKes  :  Td.  rifpht  ventriclf  :  \'«.  left  vcntrieio  :  ^a, 
aortn  ;  Ah.  innornlnaif  artery  :  C»,  It-rt  coninion  canjiid  artery;  Sri.  left  sub- 
rlaviaii  ttrt^TV  :  f.  iiifiiii  tnmk  of  th»_'  pulnmnrtry  artery,  aiiil  I\i  and  P*,  fta 
branuhesto  the  hjcUt  and  left  lunint :  <"■«.  tmiK*ri»tr  vena  cava  ;  .'itJr-and  An,  tho 
right  aod  left  luiioiuiinUe  vciiu  ;  yxi  amX  jut,  the  rit;ht  uud  ttrft  puhuoiiary  veitu; 
crd  and  era.  the  ri^Uc  aud  left  curunary  art«rieii. 

heart  and  pass  through  a  set  of  capillaries,  as  may  readily 
be  seen  hy  tracing  tlie  conrijc  of  the  veeseb  in  Fig.  7t>. 

The  Heart  as  seen  from  its  Exterior.  When  the  heart 
is  viewed  from  tlie  side  turned  towuids  the  sternum  (Fig, 
79)  the  two  auricles.  Aid  and  .Ls,  are  seen  to  be  separated 
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by  a  d«?p  groove  from  tlio  ventricleit,  Vd  wid  IV.  A  more 
fihullow  furrow  runs  belwetMi  the  \en(riclo«  and  indicates 
ihu  imnitioii  of  ihi?  interuul  loiigitudiuul  seplum.     Ou   the 


Fio.  80.— The  hwut  vlowml  from  iu  dorsal  aspect.  Atd,  right  aurltile  ;  ol. 
Inferior  vtni.i  cava;  lu,  iu^-^mi  vttlii  ;  Pc,  uorotiMr;  vein.  The  rwmainlo|f  Icfterv 
■■r  [vfirntu'L*  liare  the  niunt*  KUrnilk'alJnn  a-i  In  FIk-  "^^ 

dorjiul  u^pect  of  the  heart  (Fig.  80)  fiimilur  points  niaj  be 
noted,  and  on  one  or  other  of  the  two  ligures  the  great 
veasels  opening  into  the  cavities  of  tl»e  heart  may  be  seen* 
Tlie  pulwotwrff  artertft  P,  ariMvi  from  \\w  riglit  ventricle. 
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And  very  soon  divides  into  the  right  and  left  pulmonary 
arterica,  Pd  and  Ps^  which  break  up  into  smaller  branches 
and  miter  the  corresponding  lungs.  Opening  into  the 
right  auricle  are  two  great  veins  (see  also  Fig.  78),  cs  and 
ri\  known  respectively  as  the  upper  and  lower  veruB  cava, 
or  "hollow"  veins;  so  called  by  the  older  anatomists  be- 
cause they  are  frequently  found  empty  after  death.  Into 
the  back  of  the  right  auricle  opens  also  another  vein, 
TV,  called  the  coronary  vein  or  sinug,  whi<!h  brings  back 
blood  that  has  circulated  in  the  walls  of  the  heart  it- 
aelf.  Springing  from  the  left  ventricle,  and  appearing 
from  beneath  the  pulmonary  artery  when  the  heart  is 
looked  at  from  the  ventral  side,  is  a  great  artery,  the 
aorta,  Aa.  It  forms  an  arch  over  the  base  of  the  heart 
and  then  runs  down  behind  it  at  the  back  of  the  chest. 
From  the  convexity  of  the  arch  of  the  aorta  several  great 
branches  are  given  off,  S$i.  Cs,  Ah;  but  before  that,  close 
to  the  heart,  the  aorta  gives  off  two  coronary  arferifs, 
branches  of  which  are  seen  at  crd  and  cm  lying  in  the 
groove  over  the  partition  between  the  ventricles,  and  which 
carry  to  the  substance  of  the  organ  that  blood  which  comes 
back  through  the  coronary  sinus.  Into  the  left  auricle 
open  two  right  and  two  left  pulmonary  veinSt  p»  and  pd, 
which  are  formed  by  the  union  of  smaller  veins  proceeding 
from  the  lung?. 

In  the  diagram  Fig.  78  from  which  the  branches  of  the 
great  vessels  near  the  heart  have  been  omitted  for  the  sake 
of  clearness,  the  connection  of  the  various  vessels  with  the 
chambers  of  the  heart  can  Iw  l)etter  seen.  Opening  into 
the  right  auricle  are  the  superior  and  inferior  venie  cava 
(cs  and  <*/)  and  proceeding  from  the  right  ventricle  the 
puhnofutrtf  artery,  P.  Opening  into  the  left  auricle  are 
the  right  and  left  pulmonary  veins  (pd  ajidpg)  and  spring* 
ing  from  the  left  ventricle  the  aorta,  A. 

Tho  Interior  of  the  Heart.  The  communication  of 
e:»ch  auricle  with  its  ventric^lt'  is  also  represonted  diagram- 
matically  in  Fig.  78,  and  the  valves  which  are  present  at 
those  points  and  at  the  origin  of  the  pulmonary  artery  and 
that  of  the  aortji.     luUrnally  the  auricles  are  for  the  most. 
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part  smooth,  but  from  each  a  lioUow  pouch,  the  auricular 
appendage^  projects  over  the  base  of  the  corrcsjumding  ven- 
tricle as  seen  at  Adx  and  As  in  Figs.  79  and  80.  These 
pouches  have  somewhat  the  ?hape  nf  a  dog^'s  ear  and  have 
given  their  name  to  the  whole  auricle.  Their  interior  is 
roughened  by  mnscular  elevationR,  covered  by  endocardium, 
known  as  the  fleshy  columns  (vohimncB  rarntm).  On  the 
inside  of  the  ventricles  (Fig.  81)  similar  fleshy  columns  are 
very  prominent. 

The  Aoiriculo- Ventricular  Valves.  These  are  known 
as  ririht  and  left,  or  a«  the  tricuspid  and  mitral  valves  re- 
spectively. The  mitral  valve  (Fig.  81)  consists  of  two  flajis 
of  the  endocardium  fixed  by  their  bases  to  the  margins  of 
auriculo-ventrieular  aperture  and  with  their  edges  hanging 
down  into  the  ventricle  when  the  he-art  is  empty.  These 
unattached  edges  ai'e  not  however. frea,  but  have  fixed  to 
them  a  number  of  stout  connective-tiR.«iue  cords,  the  eordm 
tendinrcBy  which  are  fixed  below  to  muscular  elevations,  the 
papillary  muscles^  Mpm  and  Mpl^  on  the  interior  of  the 
ventricle.  The  cords  are  long  enough  to  let  the  valve  flaps 
rise  into  a  horizontal  position  and  so  close  the  opening  be- 
tween auricle  and  ventricle  which  lies  Iwtweeu  them,  and 
paases  up  behind  the  opened  aorta,  Sp^  represented  in  the 
figure.  The  tricuspid  valve  is  like  the  mitral  but  with 
Ihree  flaps  instead  of  two. 

Semilunar  Valyes.  These  are  six  in  number:  three  at 
the  mouth  of  the  aorta,  Fig.  81,  and  three,  quite  like  them» 
at  the  mouth  of  the  pulmonary  artery.  Each  is  a  strong 
cresceutic  pouch  fixed  by  its  more  curved  border,  and  with 
its  free  edge  turned  away  from  the  heart.  When  the 
valves  are  in  action  these  free  edges  meet  across  the  vessel 
and  prevent  blood  from  flowing  bat^k  into  the  ventricle. 
In  the  middle  of  the  free  border  of  each  valve  is  a  little 
cartilaginous  nodule,  the  corputs  Araniii,  and  on  each  side  of 
this  the  edge  of  the  valve  is  very  thin  and  when  it  meets 
its  neighbor  doubles  up  against  it  and  so  secures  the  closure. 
The  Arterial  System.  All  the  arteries  of  the  Body 
arise  either  directly  or  indirectly  from  the  aorta  or 
jiftry  artery  and  the  great  majority  of  them  from  the 
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jner  Teaael.     The  pulmonury  artery  only  carries  blood  tu 
the  luuga  to  undergo  exchungcs  with  the  air  in  them,  after 
It  has  circulated  through  the  Body  generally. 
After  making  its  arch  the  aorta  coutiuues  back  through 


Flo.  «I.— The  left  Tenlrlcle  nnO  ib(?  commencemeiir  of  rhe  iiorta  Uld  opeo. 
Jfpm  if p/.  the  papillary  miisiIiM  Finm  iKeir  upp^^r  ends  are  bwh  the  eord<»- 
tmdinrrr  procfmlnff  to  Ihc  (Mltjc:*  of  th*^  (laps  of  tin*  initral  vMvr.  Th«  opeB- 
iofc  inin  rhe  auiicle  Ke«  betwtwti  thuHti  itL}m  At  ilie  be^auing  of  Iba  aorta  are 
■oeo  \iA  three  poucb-Uke  aemlluuar  voIvuh. 

the  chest,  giving  off  many  briineht's  on  its  way.  Piercing 
the  diaphragm  it  enters  the  abikunen  and  ufter  supplying 
the  parts  in  and  around  that  cavity  with  branches,  it  cnda 
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Opposite  the  last  lumbar  vertebra  by  dividing  into  the  right 
and  hft  rommon  ilifw  arteries,  whicli  (»arry  blood  to  the 
lower  limbs.  Wv  Imve  tlien  to  consider  the  branches  of  the 
arch  of  tl»c  uorU,  and  tliose  of  the  dfsrrmliny  norUt,  which 
latter  is  for  convenience  described  by  anatomistfi  as  consist- 
ing of  the  thoracic  (torfrt,  extending  from  the  end  of  the 
arcli  to  the  diaphragm,  and  the  abiiomiuaJ  aorta,  extending 
from  the  diaphragm  to  the  final  snbdinsion  of  the  Tcssel. 

Branohee  of  the  Arch  of  the  Aorta.  From  this  arise 
fii'st  llio  coronrtry  arterifs  {crd  and  /r.<,  Figs,  79  and  80) 
which  spring  close  to  the  heart,  just  above  two  of  the 
pouches  of  the  semilunar  viUve,  and  carry  blood  into  the 
BubsUmce  of  that  organ.  The  remaining  branches  of  the 
arch  ure  three  in  number,  and  all  arise  from  its  convexity. 
The  first  is  the  innominate  artery  {Abj  Fig.  79),  which  is 
very  short,  immediately  brea]<ing  up  into  the  right  »ubHa- 
vian  ar/ertff  and  the  right  rommim  carotid.  Then  comes 
the  Uft  common  carotid,  Cs,  and  finally  the  kfi  subcJarian, 
S$i, 

Each  subclavian  arttry  runs  out  to  the  arm  on  its  own 
side  and  after  giving  off  a  vertebral  arttry  (which  runs  up 
the  neck  to  the  hend  in  theTcrtebral  canal  of  the  transverse 
processes  of  the  cervical  vortebrie),  crosses  the  arm-pit  and 
takes  there  the  iiiinie  of  the  nritlnry  artery.  This  con- 
tinues down  the  arm  liS  the  brachial  artery,  which,  giving 
ofl  branches  on  it^  way,  rr.ns  to  the  front  of  the  arm,  and 
just  below  the  ell>ow-joint  divides  int-o  the  radialar\d  ulnar 
arteries,  the  lower  ends  of  which  are  seen  at  R  and  U  in 
Fig,  77.*  These  supply  the  forearm  and  end  in  the  band 
by  uniting  to  form  an  arch,  from  which  branches  ore  given 
off  to  the  fingers. 

Thiwfiminon  rarot id  arteries  pass  out  of  the  chest  into  the 
neck,  along  which  they  ascend  on  the  sides  of  the  windpipe. 
Opposite  the  angle  of  the  lower  jaw  each  divides  into  an 
infernal  ivnd  external  carotid  artery,  right  or  left  as  the 
C4180  uiay  l>c.  The  external  ends  mainly  in  branches  for  the 
face,  scalp,  and  salivary  glands,  one  great  subdivision  of  it 
with  a  tortuous  course,  the  temporal  artery^  b?ingoften  seen 
beating  in  thin  persons  on  the  side  of  the  brow.     The  in- 
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earotid  atton*  enters  the  skull  through  an  aperturo 
m  ita  baao  aucl  supplies  T,ho  brain,  which  it  will  be  remem- 
bered also  gets  bliKxi  throno;h  thp  vertebral  arteries. 

Branohoa  of  the  Thoracic  Aorta.  These  are  immerous 
but  small.  Some,  the  iniercnuial  nrteries,  run  out  between 
the  ribs  and  supply  the  chest-walls;  others,  the  bronrhial 
arierissj  carry  blood  to  the  Iniigs  for  their  nourishment, 
that  carried  lo  them  by  the  pulmonary  arteries  being 
brought  there  for  another  purpose;  and  a  few  other  small 
bnmt'hes  are  given  to  other  neighboring  parts. 

Branches  of  the  Abdominal  Aorta.  These  arc  both 
large  and  nuuierou?,  supplying  not  only  the  wall  of  the 
posterior  part  of  the  trunk,  but  the  imjwrtant  organs  in  the 
abdominal  cavity.  The  larger  are — the  c(pJiac  axia  which 
supplies  stomach,  spleen,  liver,  and  pancrcits;  the  supenor 
mesenferir  artery  which  supplies  a  great  part  of  the  intes- 
tine; the  renal  arteries,  one  for  each  kidney;  and  finally 
the  inferior  mesenteric  artery  which  supplies  the  rest  of 
the  intestine.  Besides  these  the  abdominal  aorta  gives  off 
very  many  smaller  branches. 

Arteries  of  the  Lower  Limbe.  Each  common  iliac  di- 
vides into  an  \nternal  and  externnt  iliac  artery.  The 
former  mainly  ends  in  branches  to  part^  lying  in  the  pelvis, 
but  the  latter  passes  into  the  thighs  and  there  takes  the 
name  of  the  femora!  artery.  At  first  this  lies  on  the  ven- 
tral aspect  of  the  limb,  but  lower  down  passes  back  round 
the  femur,  and  above  the  knea-joint  (where  it  is  called  the 
popliteal  artery)  divides  into  the  anterior  and  posterior 
tibial  arteries  which  supply  the  leg  and  foot. 

The  Capillariee.  As  the  arteries  are  followed  from  the 
heart  their  branches  become  smaller  and  smaller,  and  finally 
cannot  be  traced  without  the  aid  of  a  microscope.  I'lti- 
mately  nhey  i^ass  into  the  capillancji,  the  walla  of  which 
are  simpler  than  those  of  the  arteries,  and  which  form 
very  close  networks  in  iieiirly  all  parts  of  the  Body;  their 
immense  number  compensating  for  their  smaller  size.  The 
average  diameter  of  a  capillary  vessel  is  .016  mm.  (nVir 
inch)  so  that  only  two  or  three  blood  corpuscles  can  ]>a8s 
through  it  abreast,  and  in  manv  part«  they  are  so  close 
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that  a  pin's  point  could  not  be  inserted  between  two  of 
them.  It  is  while  flowing  in  these  delicate  tnbes  that  the 
blood  does  its  nutntivG  work,  the  arteries  being  merely 
8U|>ply-tuhoa  for  the  Ciipillaries. 

The  Veins.  The  first  veins  arise  from  the  capillary  net- 
works in  various  ortruns,  und  like  the  last  arteries  are  very 
small.     They  soon  incre-ase  in  size  by  union  and  so  form 


rio.  te.— A  smaU  portion  of  tlie  capillnrv  network  u  «*n  tn  the  fror^  web 
wben  majRilfled  about  S5  dUmetcra     a.  a  small  orlcn- feerilnK  UwcairflUrie* 
V.  V.  unall  veins  carrriog  blood  back  fR.m  tlie  latter.  ■  ^  *~  •• 

larger  and  larger  trunks.  These  in  many  places  lie  near  or 
alongside  the  main  artery  of  the  part,  but  there  are  many 
more  large  veins  just  beneath  the  skin  than  there  are  large 
arteries.  Tliis  is  especially  the  case  in  the  hmbs,  the  main 
veins  of  which  are  superficial  and  can  in  many  persons  be 
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seen  aa  faint  bine  lines  through  the  skin.  Fig.  83  repre- 
sents the  arm  ut  the  front  of  the  elbow-joint  after  the 
skin  and  subcutaneous  ureolai*  tissue  and  fat  liave  been  re- 


Fm.  88.— 'nu'«"~»'^'''"'^*'1n8infn)ntof  tbeelbow-iolnt   fl*.  tendon  of  Mc*p« 
miuele  iBi.  bro-  '^uj  muMcle  ;  Pt,  pronator  i«res  miuolt* ;  J.  mMliui 

u«rva;t,S.4.  n-  ■-•'  to  thr  skin  ;  i*.  broWiUI  artery  witti  iu  Kmall 

ftooompuiriiig  vi  .t.  - .  _. ,  .  ccph&lic  volu  ;  biu.  Xt&AiXiii  veiu  ;  m',  mudlaii  rein  ; 
*,  Junctlou  of  a  def|i-l>Ui|f  wlu  wiUi  Uit!  ueptialic. 

moved.  Thf  brachial  artery,  7?,  colored  red.  is  seen  lying 
tolendily  ducp  niid  accompuiiied  by  two  «niall  veins  {reuw 
eo*m(eH)  wliieh  communicate  liy  n-oHs-branchci*.     The  gi*eat 
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median  nerve,  1,  a  braucli  of  the  brachial  plexus  which 
KUpplies  several  muscles  of  the  forearm  and  hand,  the  skin 
over  a  great  jmrt  of  the  ])alni,  and  the  three  inner  fingers, 
in  seen  alongside  the  artery.  The  larger  veins  of  the  part 
are  «cen  to  form  a  more  superticial  network,  joined  here 
and  tliero,  as  for  instance  at  *,  by  branches  from  deeper 
j)arts.  Several  small  nerve-branches  which  supply  the  skin 
(^,  3,  4)  are  seen  among  these  veins.  It  is  from  the  vessel, 
cep,  called  the  cephalic  vein,  just  above  the  point  where  it 
crosses  tlie  median  uene,  that  surgeons  usually  bleed  a 
patient. 

A  great  part  of  the  blood  of  the  lower  limb  is  brought 
back  by  the  hmy  mphenous  veiny  which  can  be  seen  running 
beneath  the  skin  from  the  inner  side  of  the  ankle  to  the 
top  of  the  thigh.  All  tlie  blood  which  leaves  the  heart  by 
the  aorta,  except  that  flowing  through  the  coronary  arte- 
ries, is  ilnally  collected  into  the  superior  and  inferior  vena 
cavcp.  (cH  and  c/.  Figs.  79  and  80).  and  poured  into  the 
right  auricle.  Tlie  ju(/nlar  veins  which  run  down  the 
neck,  carrying  back  the  blood  which  went  out  along  the 
carotid  arteries,  unite  below  with  the  arm-vein  {ttubclavian) 
to  form  on  encli  side  an  innominate  vein  (As i  and  Ade^ 
Fig.  10)  and  th(i  innoniinates  unite  to  form  the  superior 
cava.  The  c<)ronary-artery  blood  after  flowing  through  the 
capillaries  of  the  heart  itself,  also  returns  to  this  auricle  by 
the  (loronary  veins. 

The  Pulmonary  Circulation.  Tlnough  this  the  blood 
gets  back  to  the  left  side  of  the  heart  and  so  into  the  aorta 
again.  The  pulnionary  artery,  dividing  into  branches  for 
each  lung,  ends  in  the  capillaries  of  those  organs.  From 
tliese  it  is  collected  by  the  i>ulmoiiary  veins  which  carry  it 
back  to  theleft  auricle,  whence  it  passes  lo  the  left  ventricle 
to  recommence  its  flow  through  the  Body  generally. 

The  Course  of  the  Blood.  From  what  has  been  said  it 
is  clear  that  the  movement  of  the  blood  is  a  circulation. 
Starting  from  any  one  chamber  of  the  heart  it  will  in  time 
return  to  it;  but  to  do  this  it  must  jtass  through  at  least 
two  sets  of  capillaries;  one  of  tliese  is  connected  with  the 
ar)rta  and  the  other  with  the  pulmoiiary  artery.  Jinrl   in  its 
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circuit  the  blood  returns  to  the  heart  twice.  Leaving  the 
left  side  it  returns  to  the  nglit,  und  leaving  the  right  it 
returui?  to  the  left:  and  there  is  no  rriad  for  it  from  one  side 
of  the  heart  to  the  other  except  through  a  cupiliary  network. 
Moreover  it  alwavs  leaves  from  a  ventricle  through  an 
artery,  and  returns  to  an  auricle  tlirough  u  vein. 

There  is  then  really  only  une  eirtulation;  but  it  la  not 
nncomniou  to  apeak  of  two,  the  flow  from  the  left  side  of 
the  heart  to  the  right,  through  the  Body  generally,  being 
called  the  9i/)tff//iic  cirt'til4]lion,  and  from  the  right  to  the 
left,  through  the  lungs,  Xhfy  puhnonnry  rirrulo/iott.  But 
since  after  completing  either  of  tlicse  alone  the  blood  is  not 
again  attho  point  from  which  it  6tartc<l,  but  is  separated 
from  it  by  the  septum  of  the  heart,  neicher  \s  a  *•  circulation^' 
in  the  projKT  sen-se  of  the  wurd. 

The  Portal  Ciroulation.  A  certain  portion  of  the  blix)d 
which  leaves  the  left  vcutricle  of  the  heart  tlirough  the 
aorta  hag  to  pass  through  three  6ei&  of  capillaried  before  i% 
can  again  ruturn  there.  This  in  the  ])ortiuu  wliieh  goes 
through  the  stomach,  spleen,  jwuicread,  and  iut^i'i^tines. 
After  traversing  the  luipillariea  of  those  organs  it  is  vaA- 
lected  into  the  portal  vein  wliich  enters  the  liver,  and 
breaking  up  in  it  into  finer  and  finer  branches  like  an 
Mirtcry.  ends  in  the  capillaries  of  that  organ,  forming  tho 
Mcond  set  which  this  blood  passes  through  on  its  course. 
From  these  it  is  collected,  by  tho  hepatic  veins  which  pour 
it  into  the  inferior  vena  cava,  which  currying  it  to  the  right 
auricle,  it  has  still  to  pass  through  the  pulmonary  capillaries 
to  get  back  to  the  luft  side  of  the  heart.  The  portal  vein 
is  the  only  one  in  tho  Ilumun  Body  which  thus  like  an 
artery  feeds  a  capdlary  network,  and  the  flow  from  tho 
stomaeh  and  intestines  tlirough  the  liver  to  tho  vena  cava 
is  often  sjiokcn  of  n»  the  porfnl  rin'-uhiion. 

Diagram  of  the  Circulation.  Since  the  two  halves  of 
the  heart  are  actually  completely  ?epiinite<i  from  one 
another  by  an  impervious  partition,  although  placed  in 
proximity  in  tlie  Body,  we  may  conveniently  represent  the 
course  of  the  blood  as  in  ti»e  accompxmying  diagram  (Fig. 
84)  in  which  the  right  and  left  halves  of  the  heart  are  rep- 
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montM  at  different  points  in  the  vascular  system.  Such 
an  arrangement  makes  it  clear  that  the  heart  is  really  two 
pumps  working  side  hy  side,  and  each  engnged  in  forcing 
the  blood  to  tiio  other.  Starting  from  the  left  auricle,  /a, 
and  following  the  flow  we  trace  it  through  the  left  ventri- 
cle and  along  the  branches  of  the 
aortH  into  the  systemic  capillaries,  sc; 
from  thence  it  passes  back  through 
the  systemic  veins,  vc.  Beaching 
the  right  auricle,  ra,  it  is  sent  into 
the  right  ventricle,  n%  and  thence 
throiio;h  the  ])uhnonrtry  aHery,  pa, 
to  the  lung  capillaries,  pc,  from 
which  the  piilmunjiry  veins,  pr^  car- 
ry it  to  the  left  iiuride,  which  drives 
it  into  the  left  vcniricle.  h\  and  this 
again  into  the  aortJL 

Arterial  and  Venous  Blood.  The 
blood  when  flowing  in  the  pulmo- 
nary capillaries  gives  np  carbon  diox- 
ide to  the  air  and  receives  oxygen 
from  it;  and  since  its  coloring  mat- 
ter (haemoglobin")  forms  a  scarlet 
no.  H4. - nairnm  or  thi»  compound  with  oxygen,  it  flows  to 
inp  thai  It  forms  a  itinpi*  the  left  auHcle   m  the  pulmonarv 

I'lfitt^l  circuit  with  two  pumps  *         i     •    i  .  i         »  m«   * 

In  It.   c-oiiMMing  of   the   right    VCinfi    Of    U    Ongtlt    TCd    COlor.        ThlS 
and  left  halre»  of  the  heart,         ■  -^  -     .'-  .-i    ..  i 

whirh  Rr»*  repi^M-nieri  f^]}n  ('<'K)r  it  maintains  Until  it  reaches 
r.tr.n  the.ii^^mm    ro  and  ^jieRVfltemic  capillaries,  but  in  these 


'^^u^iTsA^USic  it  loses  much  oxygen  to  the  surround- 
ing tissnea  and  gains  much  carbon 
But  the  blood 


ri\  riKhl  ftiiricN*  nnd  ventrirle; 
iri  and  h: 
irtcle  ;  tto, 

capillarint ;   iv.  rvnm  caw: 
pa,  pulmonan' artery  :pc.  pul- 
monary caDiilartes ;  pi-,  piii-  dioxide  from  them. 
moDory  veitis. 

coloring  matter  which  has  lost  its 
oxygen  has  a  dark  purple-black  color,  and  since  this  un- 
oxidized  nr  **  reduced"  haemoglobin  is  now  in  excess,  the 
blocxi  returns  to  the  iieart  by  the  vena*  cavjp  of  a  dark 
purple-i'ed  color.  This  color  it  keeps  until  it  reaches  the 
lungs,  when  the  i*educed  h^moglohm  becomes  again  oxi- 
dised. The  bright  red  blood,  rich  in  oxygen  and  poor  in 
carbon  dioxide,  is  known  as  "arterial  blood*'  and  the  dark 
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red  a«  "  venous  blood:"  and  it  must  be  borne  in  mind  that 
the  tcrmiii  have  thia  ]>ecu]iar  technical  meaning,  and  that 
the  pulmonary  veiTtJf  contain  arf*'riai  blood  and  the  pnlmo-- 
nary  nrierien,  venous  blood;  the  change  from  arterial  to 
venous  taking  place  in  the  systemic  capillaries,  and  from 
venous  to  arterial  in  the  pulmonary  capillarios.  The 
chambers  of  the  heart  and  the  great  vesk?els  containing  ar- 
terial blood  are  shaded  red  in  Figs.  79  and  80. 

The  Structure  of  the  Arteries.  A  large  artery  can  by 
careful  di8i*cctiunlK?st'i»iirati^d  iniu  three  coats;  miinternaly 
middle  and  outer.  The  internal  coat  tears  readily  across 
the  long  axis  of  the  artery  and  consists  uf  an  inner  lining 
of  flattened  nucleuCcd  cells,  and  of  a  variable  number  of 
layers  composed  of  membranes  or  networks  of  elastic  tissnc, 
outside  this.  The  middle  coat  is  made  up  of  alternating 
layers  of  clastic  fibres  and  plain  muscular  tissue:  the  for- 
mer running  for  the  most  part  longitudinally  and  the  latter 
acroM  the  long  axis  of  the  vessel.  The  outer  coat  is  the 
toughest  and  strongest  of  all  and  is  mainly  made  up  of 
white  tibrous  connective  tissue  but  contains  a  considerable 
amount  of  elastic  tissue  also.  It  gradually  shades  off  into 
a  loose  areolar  tissue  which  forms  the  sheath  of  the  artery 
or  the  tunica  adventitiaj  and  packs  it  between  surrounding 
parts.  The  smaller  arteries  have  all  the  elastic  elements 
leas  developed.  The  internal  coat  is  consequently  thinner, 
and  the  middle  coat  is  made  up  mainly  of  involuntary  mus- 
cular fibres.  As  a  result  the  large  arteries  are  highly  elas- 
tic, the  aorta  being  physically  much  like  a  piece  of  indian- 
rnbber  tubing,  while  the  smaller  arteries  are  highly  con- 
tractile, in  the  phy^iolo^jral  sense  of  the  word. 

Structure  of  the  Capillariea.  In  the  smaller  arteries 
the  outer  and  middle  touts  (gradually  disappear,  and  the 
elastic  layers  of  the  inner  coar  also  go.  Finally,  in  the 
capillaries  the  lining  epithelium  alone  is  left,  with  a 
more  or  less  developed  layer  of  connective-tissue  corpuscles 
around  it,  representing  the  remnant  of  the  tun'ca  adven- 
titia.  These  vessels  are  thus  extremely  well  adapted  to  al- 
low of  filtration  or  diffusion  taking  place  through  their 
thin  walk 
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Structure  of  the  VeiuB.  In  these  the  SATne  three  pri- 
mary coatt;  as  in  the  artcrira  may  he  foiiiirl:  the  inner  and 
middle  coal:a  are  Ipps  developed  while  the  outer  one  remains 
thick,  and  is  made  up  almost  entirely  of  white  fihroiis  tif*s«e. 
Hence  venons  walls  are  much  thinner  than  those  of  the 
corresponding  arteries,  and  the  tciiih  collapse  wlien  empty 
while  the  stouter  arteries  remain  open.  But  the  tenacity 
and  touglinesa  of  their  outer  coats  give  the  veins  great 
strength. 

Except  the  pulmonarv  ariery  and  the  aorta,  which  pos- 
sess the  Bcmilunar  viitvcs  at  their  cardiac  orillces,  the 
arteries  possess  no  valvo!?.  Many  veins  on  (ho  contrary  have 
auch.  formed  by  semilunar  pouches  of  the  inner  coat,  at- 
tached by  one  margin  and  having  that  turned  towards  the 
heart  free.  These  valves,  sometimes  single,  oftener  in 
pairs,  and  eometimes  three  at  one  level,  permit  blood  to 
flow  only  towards  the  heart,  for  a  current  in  that  direction 
(as  in  the  upper  ditiginm.  Fig.  85)  presses  the  valve  close 
against  the  side  of  the  vessel  and 
meets  with  im  tibjilruetion  from  it. 
.Should  any  back-flow  be  attempted, 
however,  the  current  closes  up  the 
valve  and  bars  its  own  passage  aa 
indicated  Jn  the  lower  figjire. 
These  valves  are  most  numerous 
in  superficial  veins  and  those  of 
muscular  parts.  They  are  absent 
in  the  vena*  cavnp  and  the  ]iortal 
and  pulmonary  veins.  Usually  the 
vein  is  a  little  dilated  opposite  a  valve  and  hence  in  part^ 
whore  tlio  valves  are  numerous  gets  a  knotted  look.  On 
compressing  the  forearm  so  «■?  to  stop  tlio  flow  in  its  snh- 
cutane<ui3  veins  nnd  cause  their  dilntiitiMU,  the  |>oints  nt 
which  valves  are  placed  can  be  recognized  by  their  swollen 
appearance.  They  are  most  frequently  found  where  two 
veins  commimicfite. 


Flo.  8S.~DUfp«in  to  tHus* 
trate.  llie  modt*  of  AcUon  of 
the  vatvps  of  the  velnR.  C.  th« 
<"»piU«rv,  «ud  H,  the  heart 
end  of  the  resset 
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the  working  of  thk  heart  and  blood- 

vp:ssels. 


The  Beat  of  the  Heart.  It  is  possible  by  methods  known 
to  physi«»logist(*  to  n|M:*n  the  chest  of  a  living  narcotized 
tinimal,  ^noh  m  a  rabbit,  and  see  its  heart  at  work,  alter- 
nately contracting  and  diminishing  the  cavities  within  it 
and  relaxing  and  expanding  them.  It  is  then  observed 
that  each  beat  c^^mnience**  at  the  moutha  of  the  great  veins; 
from  there  runs  over  the  reat  of  the  nurieles.  and  then 
over  the  ventricles;  the  auricles  commencing  to  dilate  the 
moment  the  ventricles  commence  to  contnicc.  Having 
finished  their  ci)ntraction.  the  ventricles  alao  commence  to 
ddate  and  so  for  some  time  neither  they  nor  the  auricles 
are  contracting,  but  the  wliok-  heart  expanding.  The  con- 
traction of  any  part  of  the  heart  is  known  as  its  systole 
and  the  relaxation  as  its  diastole,  and  since  the  two  sides 
of  tlie  heart  work  synchronously,  the  auricles  together  and 
the  ventricles  together,  we  may  describe  a  whole  "cardiac 
period"  or  "  heart-beat''  a.s  made  up  ?ucccsaivcly  of  auriru- 
lar  syshlct  ventricular  stfMoU,  and  pause.  This  cycle  is 
reflated  about  seventy  times  a  minute:  and  if  the  whole 
lime  occupied  by  it  be  subdivided  into  100  parts,  about 
9  of  these  will  be  <xx*upied  by  the  auricular  systole,  about 
30  by  the  vontricular  s\Tstole»  and  61  by  the  pause: 
dunng  more  than  half  of  life,  therefore,  the  muscles  d 
ibe  heart  are  at  rest,  fn  the/ww^f  the  heart  if  taken  be- 
tween the  finger  and  thumb  feels  soft  and  flabby  hut  dur- 
mg  the  systole  it  (es]>ecially  in  its  ventricular  portion)  be- 
comes hard  and  rigid. 

Change  of  Form  of  the  Heart.     During  its  ajstole  the 
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heart  becomes  shorter  and  rounder,  mainly  from  a  change 
in  the  flhape  of  the  ventricles.  A  cross-spction  of  the  lieari 
at  the  baae  of  these  latter  dnring  diiistole  wonid  Ik*  ellipti- 
cal ia  outline,  with  its  long  diameter  from  right  to  loft: 
daring  the  sj'stole  it  is  more  eirenlur,  the  long  uxis  of  the 
ellipse  becoming  shortened  while  tijcdoi^so-ventrul  diameter 
remains  little  altered.  At  the  same  time  the  length  of  the 
venLrieles  is  lessened,  tlie  a]>ex  uf  the  heart  approaching 
the  base  and  Incoming  blunter  and  rrmnder. 

The  Cardiao  Impulse.     The  human  heart   lioji  with   ita 
apex  tourhiiig  the  ehest-wall   between   tiie  tifth  and  sixth 
ribs  on  the  left  side  of  the  breiist-bone.     At  every  beat  a 
■ort  of   tap,  known  as   the   "cardiac  impulse"  or  "^apei 
beat/'  may  be  felt  by  the  finger  at  that  point.     There  is. 
however,  no  actual  ''tapping"  sinrr  the  heart's  apex  never 
leaves  the  chest-wall.     During  the  di^istnle  the  soft  ventri- 
cles yield  to  the  chest-wall  where  they  touch  it,  but  dur- 
ing the  systole  they  become  hard  and  tense  and  push  it  out 
a  little  between  the  ribs,  and  so  cause  the  apex  beat.     Since 
the  heart  becomes  sliorter  during  the  ventricular  systole  it 
might  be  supposed  that  at  that  time  the  apex  would  moTe 
up  a  little  in  the  chest.     This  however  is  not  the  case,  the 
a.*^ent  of  the  a|)ei  towards  the  base  of  tho  ventricles  being 
compensated  for  by  a  movement  of  the  whole  licart  in  the 
opposite  direction.     If  water  be  inimi>ed  into  an  elastic 
tube,  already  tolerably  full,  this  will  be  distended  not  only 
transversely  but  longitudinally.     This  is  what  happens  in 
the  aorta:  when  the  left  ventricle  contracts  and  pumps  blood 
forcibly  into  it.  the  elastic  artery  is  elongated  as  well  as 
widened,  and  the  lengthening  of  that  limb  of  its  arch  at- 
tached to  the  heart  pushes  the  latter  dnwn  towards  the  dia- 
phragm, and  compensates  for  the  upward  movement  of  the 
apex  due  to  the  shortening  of  the  ventricles.     Hence  if  the 
exposed  living  heart  be  watched  it  appears  as  if  during  the 
systole  the  base  of  the  heart  moved  towards  the  tip»  rather 
thnn  the  reverse. 

Events  ocourring  within  the  Heart  during  a  Cardiao 
Period.  Let  us  commence  at  the  end  of  the  ventricular 
tjstola    At  this  moment  the  semilunarvalves  at  the  oritices 
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of  the  aorta  and  (he  pulmonary  artery  are  closed,  bo  that  no 
Wood  run  flow  Imok  from  those  veBg^Is.  The  whole  heart, 
however,  is  Roft  and  distcnsilile  and  yields  readily  to  blood 
flowing  into  it  from  the  pulmonary  veins  and  the  vena 
cavse;  this  pusses  on  through  the  ojwn  mitral  and  tricuspid 
valves  a!id  fills  up  the  dilating  vontriclea,  as  well  as  the 
auricles.  As  the  ventricles  fill,  back  currents  are  set  up 
along  their  walls  and  these  carry  uj>  the  flaps  of  the  vulvee 
80  that  by  tlie  end  of  the  pau^e  they  are  nearly  closed.  At 
this  moment  the  auricles  contract,  and  since  this  contrac- 
tion commenccB  at  and  narrows  the  mouths  of  the  veins 
opening  into  them,  and  at  the  same  time  the  blood  in 
those  vessels  opposes  some  resiatance  to  a  back-flow  into 
fhem,  while  the  still  flabby  and  dilating  ventricles  oppose 
much  less  resistance,  the  general  result  is  that  the  contract- 
ing auricles  send  blood  mainly  into  the  ventricles,  and 
hardly  any  back  into  the  veins.  At  the  same  time  the  in- 
creased direct  current  into  the  ventricles  produces  a  greater 
back  current  on  the  sides,  which,  as  the  auricles  ceiiee  their 
contraction  and  the  filled  ventricles  become  tense  and  press 
on  the  blood  inside  them,  completely  close  the  aurionlo- 
ventricular  valves.  That  this  increjised  filling  of  the  ven- 
tricles, due  tt»  auricular  (Mmtraotions,  will  close  the  valves  is 
seen  easily  in  a  sheep's  heart-  If  the  auricles  bt?  carefully 
cut  away  from  this  so  as  to  expose  the  mitral  and  tricuspid 
valves,  and  water  be  then  poured  from  a  little  height  into 
the  ventricles,  it  will  be  seen  that  as  these  cavities  are  filled 
the  valve-flaps  are  floated  up  and  close  the  orifices. 

The  auricular  contraction  now  ceases  and  the  ventricular 
commences.  The  blood  in  each  ventricle  is  im|)risoned 
l>etwoen  the  auriculo-venlricular  valves  behind  and  the 
semilunar  valves  in  front.  The  former  cannot  yield  on 
account  of  the  corda)  tendineae  fixed  to  their  edges:  the 
semilunar  valves,  on  the  other  hand,  can  open  outwards  from 
the  ventricle  and  let  the  blood  pass  on,  but  they  are  kept 
tightly  shut  by  the  pressure  of  the  blood  on  their  other 
sides,  just  as  the  lock-gates  of  a  canal  are  by  the  pressure  of 
the  water  on  them.  In  order  to  open  the  canal-gates  water 
is  let  in  or  out  of  the  lock  until  it  jtands  at  the  same  level 
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on  each  fido  of  them;  Imt  of  courso  they  might  be  forced 
opeu  without  ihi.i  by  upplying  sufficient  power  to  overcome 
the  higher  water  pressure  uu  one  8ide.  It  is  \\\  this  latter 
wuy  thut  llie  seiniluntir  valvei;  are  opened.  The  contracting 
Tenlrtcletightours  iis^iip  on  the  blood  innideitaud  berouiej? 
rigid  to  the  touuh.  As  it  equec^es  harder  and  liarder,  at 
lut^t  the  presisure  on  the  blood  in  it  becomes  greater  than 
the  presfiiure  exerted  on  the  other  t;ide  of  the  valvcd  by  the 
blood  in  l!ie  arteries,  ilie  fliiptJ  arc  piu^hcd  open,  and  the 
blcMKl  begins  to  puiis  unt:  the  ventricle  continues  it;;  eon- 
tiiictiou  until  it  hat^  obliterated  its  cavity  and  completely 
om|>tied  itnelf.  Then  it  commences  to  relax  and  blood 
imnjcdiately  to  flow  back  into  ii  from  the  highly  stretched 
arteries.  This  back  current,  however,  catches  the  pockets 
of  the  Hcmilunar  valves,  drives  them  buck  and  closer  the 
Valve  fio  a£  to  form  an  impassable  l>ai'rier;  and  so  the  blood 
wliich  hag  been  forced  out  of  either  ventricle  cannot  flow 
dire<:tly  back  into  it. 

XTbo  of  the  Papillary  Muacles.  In  order  that  the  con- 
tracting ventricles  may  not.  fiHTO  blood  hack  into  the 
auricles  it  is  essential  that  the  ibips  of  the  mitral  and 
tricuspid  valves  be  maintained  hoiizonlally  across;  the  open- 
ingjt  wiiich  they  close,  and  be  not  pushed  back  into  the 
auriolcH.  At  the  commencement  of  the  ventricular  sys- 
tole this  \^  provided  for  by  the  cordw  teudineie,  wliich  are 
of  such  u  length  an  ttt  keep  the  edges  of  the  ttajts  in  appo- 
sition, a  potiitiou  which  i.'^  farther  secured  by  the  fact  that 
each  PcL  of  oordffi"  teudinete  (Fig-  t>l*)  radiating  from  u 
point  in  the  ventricle,  is  not  attached  around  the  edges  of 
one  flap  but  on  the  contignouH  edges  of  two  flaps,  and  so 
tends  to  pail  them  together.  But  ad  the  contracting  ven- 
tricles shorten,  the  cordro  tendineae,  if  directly  fixed  to 
their  interior,  would  be  slackened  and  the  valve-flaps 
pushed  up  into  the  auricle.  The  little  papillary  muscles 
prevent  this.  Shortening  as  the  ventricular  systole  proceeds, 
they  keep  the  cordip  taut  and  the  valves  closed. 

Sounds  of  the  Hoart.  If  the  ear  be  placed  on  the  chest 
over  tlie  region  of  the  heart  during  life,  two  distiiiguisb- 
able  sounds  will  he  heard  during  each  cardiac  cycle.  They 
are  known  respectively  as  the  first  and  second  rounds  of  the 
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heaxX.  The  fir»t  is  of  lower  pitch  nnd  hi«t»  longer  than  the 
second  and  sharper  sound:  vocally  ihfir  charjw?t<»r  may  be 
tolerably  imitated  by  the  words  Iftbh,  ditp.  The  cause  of 
the  isecond  isouiid  is  the  closure,  or  as  one  might  6:iy  the 
"cUeking  up,"  of  the  semilunar  valves,  since  it  occurs  at 
the  moment  of  their  closure  and  coados  if  they  be  honked 
back  in  a  living  animal.  'J'he  origin  of  the  lJrt*t  t^ound  is 
Biill  uncertain:  ii  Lakes  place  during  the  ventricular  systole 
and  is  probably  due  to  vibrations  of  the  tense  ventricular 
wall  at  that  time.  It  is  not  due,  iks  liaM  been  supposed,  to 
the  auriculo-ventricular  viilves.  since  it  may  ptill  l>e  heard 
in  a  beating  heart  empty  of  blood,  and  in  which  there  c*iuld 
be  no  elosnrc  or  tension  of  those  valvei*.  In  various  forms 
of  heart  disea^^e  theiio  nounds  arc  nn»ditied  or  cloaked  by 
additional  **  murmui*s'*  which  arise  when  the  cardiac  oritices 
are  nmghened  or  narrowed  tir  liilnted,  (»r  the  valves  ineffi- 
cient. By  paying  attention  to  the  chanictci*  of  the  new 
sound  then  heard,  the  exact  period  in  the  cardiac  cycle  at 
which  it  occurs,  nnd  the  region  of  the  chest-wall  ut  which  it 
is  heanl  most  distinctly,  the  physician  can  often  get  impor- 
tant information  as  to  its  C4iu6e. 

Diaf^ram  of  the  Events  of  a  Cardiac  Cycle.  In  the 
following  table  the  jilieiiMnieua  of  the  heart'?  beat  are  rep- 
resented with  reference  to  the  changes  of  form  which  arc 
seen  in  an  exposed  working  heart.  Events  in  the  same 
rertical  column  occur  simultnneoiisly;  on  the  same  horizon- 
tal line,  from  left  to  right,  successively. 
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Punotion  of  the  Auricles,  Tlic  Vi'iUiieles  havo  to  do 
the  work  of  pumping  the  blood  through  the  blood-vessels, 
Aecordinglj  their  walls  are  far  thicker  mid  more  mii^iilar 
than  those  of  the  uiirides;  uad  the  left  veutricle,  which  has 
10  force  the  blood  over  the  Body  generally,  is  stouter  than 
the  right,  which  has  only  to  send  blood  around  the  com- 
paratively short  pnlmf>nary  circuit.  Tlie  circulation  of  the 
blo(xl  is  in  fact  niaintained  by  the  ventricleii,  and  wc 
have  1o  in(|uire  what  is  the  use  of  the  auricles.  Not  un- 
fretjuently  the  heart's  action  is  described  as  if  the  auricles 
first  filled  with  blood  and  then  contracted  and  filled  the 
ventricles;  and  then  the  latter  contracted  and  drove  the 
blood  into  the  arteries.  From  the  account  given  above, 
however,  it  will  be  seen  that  ihe  events  are  not  accurately 
80  represented,  but  that  during  all  the  pause  blood  flows 
on  through  the  auricles  into  the  ventricles,  which  latter 
arc  already  nearly  full  when  the  auricles  cnntrnct;  this  con- 
traction merely  completing  their  iilling  and  finisliing  the 
closure  of  the  auriculo-ventricular  valves.  The  i-eal  use  of 
the  auricles  is  to  afford  a  reservoir  into  which  the  veins  may 
empty  while  the  cr)m[iaratively  long-lasting  ventricular 
contraction  is  taking  place:  they  also  largely  control  the 
amount  of  work  done  by  the  heart. 

If  the  heart  consisted  of  the  ventricles  only,  with  valves 
at  the  point*  of  entry  and  exit  of  the  blood,  the  circulation 
could  Ije  maintained.  During  diastole  tlie  ventricle  would 
fill  from  the  veins,  and  during  systole  empty  into  the  ar- 
teries. But  in  order  to  accomplish  this,  during  the  systole 
the  valves  at  the  point  of  entry  must  he  closed,  or  the  ven- 
tricle would  eni|tty  itf^olf  itito  the  veins  jls  well  as  into  the 
ai-t^ries;  an<l  this  closure  would  necessitate  a  gi*eat  loss  of 
time  which  might  be  utilized  for  feeding  the  pump. 
This  is  avoided  by  the  auricles,  which  are  really  reser. 
voirs  at  the  end  of  the  venous  system  collectiug  blood 
when  the  ventricular  pump  is  at  work.  When  the  ven- 
tricles relax,  the  blood  entering  the  auricles  flows  on 
into  them:  but  previously,  during  the  ^\  of  the  caniiiu; 
cycle  occupied  by  the  ventricular  systole,  the  auricles 
have    accumulated   blood,  and   when    thev   at    last    con- 
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tract  they  send  on  into  the  rentrieleit  thin  acoumulation. 
Even  were  the  flow  from  the  veinn  atopped  during  the 
auricular  coutractjou  thin  would  be  of  eompurativoly  littlo 
(?ouseqaeuce.  ^iuoe  thut  event  ueeupiea  so  brief  u  time. 
But,  although  no  doubt  somewhat  lessened*  the  emptying 
of  the  veins  into  the  heart  d(x>H  not  seem  to  be^  in  health, 
stopped  wnile  the  auricle  i.s  (x>ntracting.  For  at  that  mo- 
ment the  ventricle  is  relaxing  and  receivea  the  blood  from 
the  auricles  under  a  lei*s  pressure  than  it  entera  the  latter 
from  the  veins.  The  heart  in  laet  consists  of  a  couple  of 
**  feed-pumps*' — tlie  eurnlea — and  u  couple  of  ''force- 
pum|>8'' — the  ventricles;  and  so  wonderfully  perfect  is  the 
mechanism  that  the  supply  to  the  feed-pumps  ts  never 
stopped.  The  auricles  are  never  empty,  l>cing  supplied  all 
the  time  of  their  contraction,  whicli  is  never  so  gre4it  as  to 
obliterate  their  cavities:  while  the  ventricles  contain  no 
blood  at  the  end  of  their  systole. 

The  auricles  also  govern  to  a  certain  extent  the  amount 
of  work  done  by  ilie  ventricles.  These  latter  contract  with 
more  than  suthcient  force  to  completely  drive  out  all  the 
blood  containcHl  in  them.  If  the  auricles  contract  more 
powerfully  and  empty  themselves  more  completely  at  any 
^rlven  time,  the  ventricles  will  contain  mtire  bloo*l  at  the 
commencement  of  their  systole,  and  have  pumjwd  out  more 
;it  its  end.  Xow  as  we  sliall  see  in  Chapter  XVII.,  the 
contraction  of  ihe  auricles  is  under  the  control  uf  the 
uervous  system;  and  thi-ough  the  auricles  the  whole  work 
of  the  heart.  In  fact  the  ventricles  represent  the  brute 
force  concerned  in  maintaining  the  circulation,  while 
the  auricles  are  part  of  a  highly  dyvclopcd  co-ordinating 
mechanism,  by  which  the  rate  of  the  circulation  is  governed 
iUM:'*irding  U)  the  needs  of  the  whole  Body  at  the  time. 

The  Work  Done  by  the  Heart.  This  can  be  calculated 
with  approximate  correctness.  At  each  systole  each  ven- 
tn'cle  sends  out  the  same  quantity  of  blood — about  180 
grams  ((j.:J  ounces);  the  pressure  exerted  by  the  blood 
in  the  aorta  against  the  semilunar  vah'cs  and  M'liich  the 
ventricle  htis  to  overcome  is  about  that  which  would  be  ex- 
erted on  the  same  surface  by  a  column  of  mercury  200 
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one  fcilognM  «ae  meta^  or,  ciDed  m/«a#jwrf,  thst 
to  nve  one  pooad  oae  fooC  Eipreaswi  tliw  Ae 
workoTtkekftTCtttncieniaiieaunvte,  vben  the  hmriT^ 
m«  ■  eefcotj  strokes  n  thai  tnw,  tf  0.4d  x  n>  =  3L50 
kOogramneten  (3.33x70  =  326^1  loot-poands):  in  <ne 
honr  it  b  31.^0  x  GO  =  1880  kilograomeCcn  (296.1  x  60 
=  tZ,b^  foot  poands);  MOd  in  twentj-fonr  bom  1690  X  ^ 
=  4.^,560  kilogrsmmeten  (3S5^5ai  foot-pouids|L  The  pres- 
sure in  the  pulmonary  srtcnrngwnit  which  the  rigbt  Tentride 
works  IS  atx>at  ^  of  that  in  the  aorta;  hence  this  ventricle 
in  twenty-foar  honra  wiU  do  one  third  a^  much  vork  as  the 
left,  or  15,120  kilogrammeters  (10S.528  foot  pounds)  and 
adding  this  to  the  amount  done  by  the  left,  we  get  as  the 
total  work  of  the  Tentmles  in  a  da?  tlie  immense  amooni 
of  60,480  kilogmmmeteiB  (434,1 1%  foot-pounds).  If  a  man 
weighing  75  kilograms  (165  lb«;.)  cKmlxHl  np  a  mountain 
806  meters  (2044  feet)  high  his  skeletal  muscles  would 
probably  be  greatly  fatigued  at  the  end  of  the  accent,  and 
Tct  in  lifting  his  Body  that  height  they  would  only  have 
jK^rformed  the  amount  of  work  that  the  ventricles  of  the 
heart  do  daily  without  faliff^ie. 

The  Flow  of  the  Blood  Outside  the  Heart.  The  blood 
leaves  the  heart  intermittently  and  not  in  a  regular  stream, 
a  quantity  Iwing  forced  out  at  each  systole  of  the  veutri- 
clr«:  Iwfore  it  reaches  the  capillaries,  however,  this  rhythmic 
movement  in  traufformcd  into  a  steady  flow  us  may  readily 
In*  lu^n  by  oxninining  under  the  micro8cope  thin  trans- 
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]iarent  paru  of  Tarions  animals,  a^  the  web  of  a  frog's  foot, 
a  mouse's  ear,  or  the  tui)  of  u  Hinall  fish.  In  oonse^ijaeiico 
of  the  gtt'iidiness  with  which  the  rajtilhirioa  supply  the  veing 
tiie  flow  iu  these  is  also  unaffected,  directly,  by  each  beat  o' 
the  heart;  if  a  vein  be  cut  the  blood  wclle  out  uniformly, 
while  a  cut  artery  spurts  out  not  only  with  much  more 
force,  but  in  jeta  which  are  much  more  powerful  at  regu- 
lar iDtenrals  oorreaponding  with  the  eystolefl  of  tho  tsq- 
tncles. 

The  Circulation  of  tho  Blood  aa  Seen  in  the  Prog's  Web. 
There  is  oo  more  f.isnnattng  or  intitruetivu  phenomenon 
than  the  circulation  of  the  blood  aa  seen  with  the  micru- 
scope  in  the  thin  membrane  between  the  toea  of  a  frog^'g 
hmd  limb.  Upon  fix-using  beneath  the  epidermis  a  net- 
work of  mmute arteries,  veins  and  capillaries,  with  tho  blood 
flowing  through  them,  eomcs  into  view  (Fig.  H'i*).  The 
tirteries,  a,  are  readily  recognized  by  tho  fact  that  the  flow  in 
Them  is  fastest  and  from  larger  to  gmaller  branches.  The 
latter  arc  seen  ending  in  civinllaries,  which  form  networks, 
like  channels  of  which  are  all  nearly  equal  in  cti^e.  While 
in  the  veins  arising  from  the  capillary  the  flow  is  from 
smaller  to  larger  trunks,  and  slower  than  in  tho  arteries 
but  faster  than  in  the  capdlaries. 

The  reason  of  the  slower  flow  of  tho  capillaries  is  that 
their  united  area  is  considerably  greater  than  that  of  the 
arteries  supplying  them,  so  that  the  same  quantity  of  blood 
■flowing  through  them  in  a  given  time,  has  a  wider  channel 
to  flow  in  and  moves  moro  slowly.  Tho  area  of  the  veins 
is  smaller  than  that  of  the  capillaries  hnt  greater  than 
that  of  the  arteries,  and  hence  the  rate  of  movement  in  them 
IS  also  mtermediate.  Almost  always  when  an  arterv 
divides,  the  area  of  its  brandies  is  greater  than  that  of  tlie 
mam  tnink,  and  so  the  arterial  current  becomes  slower  and 
slower  fritm  the  heart  onwards.  In  the  veins  on  the  other 
hand,  tho  area  of  a  trunk  formed  hv  the  union  of  two  or 
more  branches  is  less  than  that  of  the  branches  together, 
•and  the  flow  becomes  <juicker  and  quicker  towards  the 
heart.  But  even  at  the  heart  the  united  cross-sections 
of  tho  Teius  entering  the  auricles  are  grcatc*r  than  those  of 
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the  arteries  leaving  the  veutriclej$,  so  that,  sinco  as  luncli 
blood  returns  to  tlie  heart  in  a  given  time  a*!  leaves  it,  the 
rate  of  the  current  in  the  imlmonary  veins  and  the  vense 
e&vte  is  less  than  in  the  pulmonary  artery  and  aorta.  We 
may  represent  the  vascular  system  as  a  douhle  cone,  widening 
from  the  ventricles  to  the  capillaries  and  narrowing  from 
the  latter  to  the  auricles.  Just  as  water  forced  in  at  a 
narrow  end  of  this  would  flow  i|uickest  there  and  slowest 
at  the  widest  part,  so  tlie  blood  flows  fpiit'kest  in  the  aorta 
and  slowest  in  the  capilluriesj  whicli  form  together  a  much 
wider  channel. 

The  Axial  Current  and  the  Inert  Layer.  If  a  small 
artery  in  the  frog's  web  be  closely  examined  it  will  he  seen 
that  the  rate  of  How  is  not  the  same  in  all  parts  of  it.  In 
the  centre  is  a  very  rapid  current  carrying  along  all  the  red 
corpuscles  and  known  as  i\\Q  axml  stream^  while  near  the 
wall  of  the  vessel  the  flow  is  mueh  slower,  as  indicated  by  the 
rate  at  which  the  pale  blood  corpuscles  are  carried  along  in 
it.  This  is  a  purely  physical  pheuonicJUJti.  If  any  liituid  be 
forcibly  driven  through  a  fine  tube  which  it  wets,  water 
for  instance  through  a  glass  tube,  the  outermost  layer  of  the 
liquid  will  remain  motionless  in  cont^ict  with  the  tube; 
the  next  layer  of  molecules  will  move  faster,  the  next 
faster  still;  and  so  on  until  a  very  rajiid  current  is  found 
in  the  centre.  If  solid  bodies,  as  powdered  sealing-wax. 
be  suspended  in  the  water,  thej^c  will  all  be  earned  on 
in  the  central  faster  current  or  anal  aiream,  jnst  as  the 
red  corpuscles  are  in  the  artery.  The  white  cor])U8cle8»  on 
account  of  their  power  of  executing  indcpendeut  amoeboid 
movements  and  their  consequent  irregular  form,  get  fre- 
quently pushed  out  of  the  axial  cun-ent,  so  that  many  of 
them  are  found  in  the  inert,  layer. 

Internal  Priction.  It  follows  from  the  above-stated 
facts  that  there  in  no  noticeable  friction  between  the  blood 
and  the  lining  of  the  vessel  through  which  it  flows:  since 
the  outermost  blood  layer  in  contact  with  the  wall  of  the 
vessel  is  almost  motionle.'ts.  But  there  is  very  great  fric- 
tion between  the  different  concentric  layers  of  the  liquid, 
since  each  of  them  is  moving  at  a  different  rate  from  those 
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in  contact  with  it  on  each  side.  This  form  of  friction  is 
known  in  hydro-dynamics  as  **  internal  friction**  and  it  in 
of  great  importance  in  the  circulation  of  the  blood.  In- 
terniil  friction  increases  very  fast  as  the  calibre  of  tht? 
tube  through  whicli  the  litjuid  Hows  diminishes:  so  that 
with  the  same  rate  of  flow  it  is  disproportionately  much 
greater  in  a  small  tube  tlian  in  a  larger  one.  Hence  a 
given  qnautity  of  liquid  forced  in  a  minute  througli  one 
large  tube,  would  exi>erience  much  less  resi,«t4mce  fnini  in- 
ternal friction  tliuu  if  sent  in  the  same  time  through  four 
or  five  amaller  tubes,  the  united  irunsversc  sections  of  whioli 
were  together  equal  to  that  of  the  single  larger  one.  In 
the  blood-vessels  the  increased  total  area,  and  coiiPctjuently 
slower  flow,  in  the  smaller  chunuelH  partly  counteracts  this 
increase  of  internal  friction,  but  only  to  a  eompanitively 
slight  extent;  so  that  the  internal  friction,  and  conse- 
qnently  the  resistance  to  the  blood-tlow,  i^  far  greater  in  tlie 
capillarieH  than  in  the  small  arteries,  and  in  the  small  ar- 
teries than  in  the  largo  ones.  Practically  wo  may  regard 
the  arteries  as  tubes  ending  in  a  sponge:  the  united  areas 
of  all  the  channels  in  the  hitter  might  be  considcmbly 
larger  than  that  of  the  gu])plying  tubes,  but  the  friction  to 
be  overcome  in  the  flow  through  them  would  bo  much 
greater. 

The  Convoraion  of  the  Intermittent  Into  a  ContinuouB 
Flow.  Since  the  heart  nenda  blood  into  the  aorta  inter- 
mittently, we  have  still  to  inquire  Iujw  it  is  that  tlie  tlowin 
the  capillaries  is  continuouH.  In  the  larger  arteries  it  is 
not,  since  we  can  feel  them  dilating  as  the  '*/»«/«,"  by  ap- 
plying the  finger  over  the  radial  artery  at  the  wrist,  or  the 
temporal  artery  on  the  side  of  the  brow. 

The  fir.n  explanation  which  suggests  itself  is  that  since 
the  capacity  of  the  blood-vessels  increases  from  the  heart 
to  the  capillaries,  an  acceleration  of  the  flow  during  the 
ventricular  contraction  which  might  bo  very  manifest  in 
the  vessels  near  the  heart  would  become  less  and  less  obvi- 
ous in  the  more  distant  vessels.  But  if  this  were  so,  then 
when  the  blood  was  collected  again  from  tlio  wide  capillary 
sponge  into  the  great  veins  near  the  heart,  which  together 
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iu*e  very  littlo  bigger  Uiau  the  aorta,  we  ought  to  find  a 
pulfiCi  but  we  do  not:  l]iu  venous  pulse  which  sometimes 
occurs  having  quite  a  ditft'iLMit  cautsc,  being  due  to  a  hack- 
flow  from  tiie  aurlL-les,  ur  a  chtrking  of  the  on-flow  into 
ihem,  during  the  turdiuc  syMtole.  The  rhjihrnic  flow 
caused  by  the  heart  is  ihcrcfore  not  mcrelv  cloaked  in  the 
tjmall  art«rieti  and  cupillai'ies  but  ubulii^lied  in  them. 

We  can,  however,  readily  contrive  canditiuns  outside  the 
Body  under  which  tui  intermittent  supply  is  transformed 

into  a  continuous  flow.  Sup- 
pose we  have  two  vessels,  A 
aud  B  (Fig.  8fi),  contuining 
water  and  connected  below  in 
two  ways;  through  the  tube 
a  on  which  (here  is  a  pump 
provided  with  valves  so  that 
it  can  only  drive  liquid  from 
A  to  B,  and  through  b^ 
which  may  be  left  wide  opcu 
or  narrowed  by  the  clamp  c, 
at  will.  If  the  apparatus  be 
left  at  rest  the  water  will  lio  at  the  same  level,  d,  in  each 
vesssel.  If  now  we  work  the  |)un]ii,  at  each  stroke  a  cer- 
tain amount  of  water  will  be  eunveyeil  from  A  to  B,  and 
aa  a  result  of  the  lowuring  of  the  level  of  liquid  in  A  and 
its  rise  in  B,  tlierc  will  be  immediately  a  return  flow  from 
B  to  A  through  the  tube  h.  -1,  in  these  circumstances, 
would  represent  the  venous  systeni,  from  which  the  heart 
constantly  takes  bloo<i  to  pump  it  into  B,  representing  the 
arterial  eystem;  and  b  would  represent  the  capillaiy  vessels 
through  which  the  return  flow  takes  place:  but,  so  far,  we 
should  have  as  intermittent  a  flow  through  the  capillaries, 
i,  as  through  tlio  heart-jiump,  a.  Now  imjigine  Z>  to  be 
narrowed  at  one  point  so  as  to  oppose  resistance  to  the  * 
back-flow,  while  tlie  pump  goes  on  working  steadily.  The  re- 
flult  will  be  an  accumulation  uf  water  in  B,  imd  a  fall  of  its 
level  in  A.  But  the  more  the  difference  of  level  in  the  two 
vessels  increiises,  the  greater  is  the  force  lending  to  drive 
water  back  through  ^  to  J,  and  more  will  flow  hack.,  under 
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greater  difference  of  pressure^  in  a  given  time,  until  at 
^t,  when  the  water  in  Ji  haw  reached  a  certain  It'vel,  d\ 
md  that  in  A  has  corresjiondingly  fallen  to  d",  the  current 
;lu'ough  b  will  carry  back  in  one  minutv  just  8o  much  water 
the  pump  sends  the  other  way,  and  this  back-flow  will 
nearly  constant;  it  will  not  depend  directly  upon  the 
'okes  of  the  pump  but  u|Kfn  the  head  of  water  accumu- 
Lted  in  B;  which  head  of  water  will,  it  is  tme,  be  slightly 
■reaped  at  each  stroke  of  the  pump,  but  the  increase  will 
very  small  compared  with  the  whole  driving  force;  and 
its  influence  will  be  inappreciable.     We  thus  gain  the  idea 
an  incomplete  impediment  to  the  flow  from  the  ar- 
ies  to  the  reins  (from  Bio  A  in  the  diagram),  such  as  is 
forded  by  internal  friction  in  the  cai)illaries,  may  bring 
»at  conditions  which  will  lewl  to  a  steady  flow  through 
latter  vessels. 
But  in  the  arterial  system  there  can  1>e  no  a4!cumulation 
blood  at  a  higher  level  than  that  in  the  veins,  such  as  is 
ipposed  in  the  above  apparatus:  and  wc  must  next  con- 
ider  if  the  *'  head  of  water''  can  be  replaced  by  some  other 
>mi  of  driving  force.    It  is  in  fact  replaced  by  the  elas- 
icity  of  the  large  arteries.     Suppose  an  clastic  bag  in- 
Lead  of  the  vessel  B  connected  witli  tho  jiump,  '*^."     If 
lere  be  no  resistance  to  the  back-tlow  the  current  through 
will  be  discontinuous.     But  if  resiistance  be  intcrposedf 
len  the  elastic  bag  will  become  distended,  since  the  pump 
in  a  given  time  more  liquid   into  it  than  it  passes 
through  b.     But  the  more  it  becomes  distended  the 
e  will  the  bag  squeeze  the  liquid  inside  and  the  faster 
It  send  that  back  to  -4,  until  at  last  its  squeeze  is  so  pow- 
l«rful  that  in  a  minute  or  two  or  Ave  minutes  it  sends 
Iback   into  A  as   much  as  it  receives.     Thenceforth   the 
[■back-flow  through  b  will  be  practiailly  constant,  being  im- 
jnediately  dc)>endent  upon  the  elastic  reaction  of  the  bag; 
[»nd  only  indirectly  upon   the  action  of  the  pump  which 
[iceeps  i(  distended.     Such  a  state  of  things  represents  very 
loeely   the     phenomena    occurring   in   the   blood-vessels. 
'he  highly  elastic  larj^e  arteries  are  kept  stretched  with 
dood  by  the  heart;  and  the  reaction  of  their  elastic  walls, 
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steadily  squeezing  on  the  blood  in  them,  forces  it  continn- 
ously  through  the  email  arteries  and  capillaries.  The 
steady  flow  in  the  latter  depends  thns  on  two  factors:  first 
the  elasticity  of  the  large  arteries;  and  secondly  the  re- 
sistance to  their  emptying,  dependent  upon  internal  friction 
in  the  small  arteries  and  the  capillaries,  which  calls  into 
play  the  elasticity  of  the  large  Tessels.  Were  the  capillary 
resistance  or  the  arterial  elasticity  absent  the  blood-flow  in 
the  capillaries  would  be  rhythmic. 


CHAPTER    XVI. 

ARTERIAL  PRESSURE,     THE  PULSE. 


Weber's  Schema.  It  is  clear  from  the  Btau^mcnt.<i  made 
in  the  last  chapter  thut  it  is  the  pre^ure  exerted  by  the  elas- 
tic arteries  uj>on  the  bloixl  inside  ihem  which  keeps  up  the 
flow  through  the  capillaries,  the  heart  serving  to  keep  the 
hi^  arteries  tightly  tilted  and  so  to  call  the  elastic  reaction  of 
their  walls  into  pliiy.  The  whole  eirculation  dej>ends 
primarily  of  course  upon  the  beat  of  the  heart,  but  this 
only  indirtMitly  governs  the  capillary  flow,  and  since  the 
latter  is  the  aim  of  the  whole  vtL^uulur  iipparama  it  is  of 
great  importance  to  know  all  abitut  arterial  presgure;  not 
only  how  great  it  is  on  the  average  but  how  it  is  altered  in 
different  vessels  in  various  circumstances  so  as  to  make  the 
flow  through  the  capillaries  of  a  given  i>art  greater  or 
less  according  to  circumstances;  for,  as  blushing  and  pallor 
of  the  face  (which  frequently  occur  without  any  change  in 
the  skin  elsewhere)  prove,  the  quantity  of  blood  flowing 
through  a  given  part  is  not  always  the  sanu*.  nor  is  it 
always  increa-wj*!  or  diminished  in  all  ])iirts  i)f  the  Body  m 
the  same  time.  Most  of  what  we  know  about  arterial  prct- 
tture  has  been  ascertained  by  experiments  made  upon  the 
lower  animal?*,  from  which  deductions  are  then  made  cou- 
(•crning  what  happens  in  man.  since  anatomy  shows  that  the 
circulatory  organs  are  arranged  upon  the  sumo  ])lan  in  all 
the  mammalia.  A  great  deal  can,  however,  l>e  learnt  by 
.studying  the  flow  of  lujinds  thniugh  ordinary  elastic  tubes. 
Sup|to!)e  wc  have  a  set  of  such  (Fig.  87)  supplied  at  one 
point  with  a  pump,  c,  possessing  valves  of  entry  and  exit 
which  o|>en  only  in  the  directicju  indicated  by  the  arrows, 
and  that  the  whole  system  is  slightly  overfilled  with  liquid  so 
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that  its  elastic  walls  ai-o  slightly  stretched.  These  will  in 
consequence  press  upon  the  liquid  inside  them  anil  the 
amount  of  this  pressure  will  be  indicated  by  the  gHUges; 
80  long  as  the  pump  is  at  rest  it  will  be  the  same  everywhere 
(and  therefore  equal  m  the  gauges  on  //  and  J),  pince 
lirjuid  in  a  set  of  horizontiil  tobes  communicating  freely, 
as  these  do  at  />.  always  distributes  itself  so  thut  the 
pressure  upon  it  is  everywhere  the  same.  Let  the  pump 
e  now  contract  once,  and  then  dilute:  during  the  contrac- 
tion it  will  empty  itself  into  B  and  during  the  dilatation  fill 
itself  from  A.  Conseciuently  the  pressure  in  B,  indicated 
by  the  gauge  j,  will  rise  and  that  in  A  will  fiill.  But  very 
rapidly  the  liquid  will  redistribute  itself  from  B  io  A 
through  Dy  until  it  again  exists  everywhere  under  the  same 


Flo.  87.— DlAfrun  of  Weber's  HchexnA. 

pressure.  Ever}'  time  the  pump  worke  there  will  occur  a 
similar  series  of  phenomena,  and  there  will  be  a  disturbance 
of  equihbrium  causing  a  wave  to  flow  round  the  tubing; 
but  there  will  be  no  steady  maintenance  of  a  pn?ssure  on 
the  side  B  greater  than  that  in  A.  Now  let  the  upjier 
tube  D  bo  closed  so  that  the  liquid  to  get  from  B  to  A  must 
flow  through  the  narrow  lower  tubes  2?',  which  oppose  con- 
siderable resistance  t(t  its  passage  on  account  of  their  fre- 
quent branchings  and  the  great  internal  friction  in  them: 
then  if  the  pump  works  frequently  enough  there  will  be 
produceti  and  maintained  in  jR  a  pressure  considerably  higher 
that  in  -■(,  which  may  even  become  negative.     If,  for 
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example,  the  pQinp  irorks  90  i\mce  a  minot^  and  at  each 
ptroke  takes  180  cobic  cH*iitimr(rr(  of  liqtiH)  (fi  naneea)  ftvm 
A  and  drives  it  into  B,  the  ■  -^ent  iu  at  the  firn 

ftroke  wi]l    not  (on  aocoiint   >  >i«tanco   to  \U  flow 

offered  bj  the  amall  branched  tubes),  have  all  gut  bock  into 
.4  before  the  next  trtrnke  takes  plooe,  sending  180  more 
i'ub(c  centimeters  (6  ox.)  into  ^.  Consc^jucntly  at  *«och 
»troke  5  will  become  more  ami  morf*  diptemlixl  and  A  more 
and  more  emptied,  and  the  gauge  x  will  indicate  a  much 
bij^her  pressure  than  that  on  J.  Aa  B  is  more  9tvtclu*d, 
howerer,  it  s«juee2e«  1      '  ils  contenu,  until  at  hist 

a  time  comeswhen  tij  , powerful  enough  to  force 

through  the  Braall  tubes  jwst  180  cubic  centimeters  (Goz.)  in 
a  second.  Then  further  accumulation  in  3  ceases.  The 
pamp  sends  into  it  10,8<K)  cubic  centimeters  (360  ounoes) 
m  a  minute  at  one  cud  and  it  si|uecze^  out  exactly  that 
amount  in  the  same  time  from  it<i  other  end;  and  so  long 
as  the  pump  works  steadilj  the  prenure  in  B  will  not  rise, 
nor  that  in  A  fnll.  any  more.  But  under  such  circumatances 
the  flow  through  the  small  tubes  will  Ix*  nearly  constant 
since  it  depends  ujwn  the  difference  in  pressure  prevailing 
between  B  and  A,  and  only  indirectly  npon  the  pump 
which  serves  simply  to  keep  the  pressure  high  in  B  and 
low  in  A.  At  each  fltrokeof  thi^  pump  it  is  true  there  will 
be  a  slight  increase  of  ]>rcs8aro  in  B  due  to  the  fresh  180 
cub.  cent  (6  oz.)  forced  into  it.  but  this  increase  will  be 
but  a  small  fraction  of  the  total  pressure  and  yo  have  hut  an 
insignificant  influence  upon  thu  rate  of  flow  tlirough  the 
smnll  connecting  tubes. 

Arterial  Proaaure.  The  condition  of  things  just  de- 
scribed represents  very  closely  the  phenomena  presented  in 
the  blood-rascnlar  system,  in  which  the  ventricles  of  the 
heart,  with  their  auriculo-ventricular  and  semilunar  valves, 
represent  the  pump,  the  smallest  arteries  and  the  capil- 
laries the  resistance  at  D',  the  large  arteries  the  elastic 
tube  B,  and  the  veins  the  tube  A.  The  ventricles  con- 
fitautlv  rcceivin;?  bloo*l  through  the  auricles  from  the  veins, 
send  it  into  the  arteries,  whtclv  tind  a  difficulty  in  emptying 
themselves  through  the  capillaries,  and  so  blood  accumn- 
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iHLeu  ill  tliem  until  tlie  elastic  reactiou  of  the  Ktretched  ar- 
teries in  able  tu  sijueoze  in  a  niiuutc  through  the  cHpillariee 
just  «»  ranch  blood  uti  the  left  ventricle  puiups  into  the 
aorta,  and  thp  right  into  Uie  jmlmoiiary  artery,  in  tlie  t^anie 
time.  Awiiu'Llingly  in  a  living  uninial  a  jiresHure-gauge 
connected  with  an  artery  shows  a  much  higher  pressure 
than  one  connected  with  u  vein,  and  this  pi^rsistent  diflfer- 
ence  of  pressure,  only  incToa^^d  by  a  small  fraction  of  the 
whole  at  each  heart-beat,  keeps  up  a  t^teady  flow  from  the 
arteries  to  the  veins.  The  heait  keeps  the  arteries  sti-etchcd 
and  the  stretched  arteries  maintain  the  flow  through  the 
capillaries,  and  the  coiistancy  of  the  current  in  these  de- 
pends on  two  factors:  (1)  the  resistance  experienced  by  the 
blood  in  its  fluw  from  the  ventricles  to  the  veins,  and  (2) 
the  elasticity  of  the  larger  arteries  which  allows  the  blood 
to  accumulate  in  them  under  a  high  pressure,  in  conse- 
quence of  thin  resistance. 

The  Arterial  Presaure.  This  cannot  be  directly  meas- 
ured with  accuracy  in  man,  but  from  measurements  made 
on  other  animals  it  is  culcnlatcd  that  in  the  human  aorta 
its  average  is  equal  to  that  of  a  cohinm  of  mercury  200 
millimeters  (8  inches)  high.  During  the  systole  it  riaas 
about  0  millimeters  {\  inch)  above  this  and  during  the  pause 
falls  the  same  amount  below  it.  The  pressure  in  the  vena? 
cavfB  on  the  other  hand  is  often  neguttvf,  the  bliUHl  being, 
to  use  ordinan-  language,  often  '*  sucke<i"  out  of  tlicm  into 
the  hearty  and  it  rarely  rises  ubove  5  millLmetcrs  (\  inch)  of 
mercury  except  under  couditione  (such  as  powerful  mns- 
cular  effort  accompnnic<i  by  holding  the  breath)  which 
force  blood  on  into  the  vonie  cava*  and,  by  im^teding  the 
pnlmonary  circulation,  interfere  with  the  emptying  of  the 
right  auricle.  Hence  to  maintain  the  flow  from  the  aorta 
to  the  vena  cava  we  Inive  an  average  difference  of  pressure 
equal  to  200  —  5  =  VA7)  niilUmeter&(7|  inches)  of  mercury, 
rising  to  205  —  5  =  200  mm.  (%  inches)  during  the  cardiac 
systole  and  falling  to  li»5  —  5  =  190  mm.  (7J  inches)  dur- 
ing the  pause;  hut  the  flight  alterations,  only  about  ^  of 
the  whole  difference  of  aortic  and  vena  cava  pressures  which 
ntain  the  blood-flow,  are  too  slight  to  cause  appreciable 
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On  tb«  other  hand  if  the  pomp  he^bi«  to  work  mom 
ilovlj  vbile  the  naiftance  remains  the  same,  it  is  clear  that 
|1m  BUftapreflfiire  in  B  will  falL  If,  for  exaiaple,  the  pump 
works  onlj  fortj  tiraea  a  minnte  and  so  etnda  in  that  time 
ISO  X  40  =  7300  cnb.  cent.  (240  oz.)  into  B,  which  'i9  fo 
atretcbtxi  that  it  is  atjneczin^r  ont  10,800  cub.  cent.  (360 
oz.)  in  thai  time,  it  is  clear  that  B  will  gradQal]T  empty 
itiiclf  and  itfl  walU  bcc^orae  \vss  stretched  and  the  pressnre 
in  it  full.  An  this  tAlcpA  place,  however,  it  will  force  leas 
liquid  in  n  minnte  through  the  small  tnbe5,  nntil  at  1a^  a 
proainre  is  rciu*h(M]  at  which  the  ^neeze  of  B  only  scuds 
mit  7200  rnh.  cent.  (240  oz.)  in  a  minnte;  and  then  the 
fall  of  pn'jwupr  will  reA«e  and  a  iiteady  on©  will  be  main- 
tninifl,  but  lower  than  hofore. 

Apiilying  Mm  «imo  rcnj^oninff  to  the  vascular  system  we 
»ee  that  (when  tho  |>eriphfral  resistance  remains  unaltered), 
if  (ho  hcarCM  forcn  n^mainfl  the  snme  but  its  rate  increapps. 
urrcrinl  prrn*inn'  will  rijM.'  to  u  new  level,  while  a  Mowing  of 
tho  heart's  l>o(it  will  brinj?  about  a  fall  of  presaurr. 

SCodlfloatlona  of  Arterial  Pressure  Dependent  on 
Ohftngoa  in  the  Foroo  of  the  Heart's  Beat.  Kcturning 
apiiu  l(»  Fijr.  87;  Kuppiiso  th;it  uhilo  tlie  rate  of  the  pump 
rcmaiuH  thn  wime,  iu  power  alters  sn  that  each  time  it 
sands  idOOoub.  cent,  (6.6  oz.)  instendnf  IftO  (6oz.)  andso  iu 
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a  minute  12,000  cub,  cont.  (30<i  oz.)  instead  of  10,800  (360 
oz. )— tlio  qnatitity  which  B  is  Btrotche<l  enough  to  pfjucoxo 
out  in  that  time.  Water  will  in  c*r»n8e«|nence  uecunitihite  in 
B  until  it  beromes  i»tretcho(l  enough  to  squeeze  out  12,000 
cub.  eent.  (396  oz. )  in  a  minute,  and  then  a  steady  pressure 
at  a  new  and  higher  level  will  l)0  maintained.  On  tho 
other  hand  if  the  pump,  still  l>eatiiij^  sixty  times  a  minute, 
works  more  feebly  so  as  to  send  <nit"nly  l*iO  cub.  cent.  (5.0 
oz.)  at  each  stroke,  then  B,  squeezing  out  at  first  more 
than  it  receives  in  a  given  time,  will  gradually  empty 
itoclf  until  it  only  presses  liard  enough  «|K)n  its  eontcnta 
to  force  IGO  X  60  =  9000  cub.  cent  (336  oz.)  out  in  a 
miu  lite. 

Similarly,  if  while  the  resistance  in  the  small  arteries 
ind  capillaries  remains  the  Rjime  and  alw»  tho  heart's  rate, 
the  power  of  the  stroke  of  the  latter  altcr.s  ho  that  at  each 
beat  it  sends  more  blood  out  than  previously,  then  arterial 
pressure  will  rise;  while  if  the  heurt  beats  more  feebly  it 
will  fall. 

Modifications  of  Arterial  Pressure  by  Changes  in  the 
Peripheral  Resistance.  Lx't  tlit'  pump  <■  in  Fig.  87  atill 
work  steadily  gtMiding  10.8tK)  LMib.  eent.  (300  oz. )  \wr  min- 
ute into  B  and  the  rettist^nce  inercaue,  it  is  clear  arterial 
pressure  mu8t  rise.  For  fi  is  only  stretched  enough  t<» 
R4^neeze  out  in  a  minute  tlieabnvequnntityof  liquid  ngiiinst 
the  original  resiHtance  and  (^anaoL  at  lirst  nend  out  that 
quantity  against  the  greater.  Liquid  will  consequently  ac- 
cumulate in  it  until  at  last  it  becomes  stretched  enough  to 
send  out  10.Ho(t  cub.  cent.  (300  cubic  oz.)  in  a  minute 
through  the  small  tubus,  in  spite  of  the  greater  resistance 
to  be  overcome.  A  new  mean  pressure  at  a  higher  level 
trill  then  be  establighed.  If  on  the  contrary  the  rosisUinco 
dimiaisbe^  while  the  pump's  work  remains  tho  same,  then 
Zf  will  at  first  squeeze  out  in  a  minut-c  mure  than  it  receivefl^ 
until  finally  its  eltistic  pressure  is  reduced  to  the  point  at 
which  it8  reeeipt^-i  and  losses  hnlancr.  and  a  new  and  lower 
mcjm  presj^ure  will  be  estjiblislu'd  in  H. 

So  in  the  vascular  system  iiicrcn.«f»  of  the  peripheral  re- 
eistance  by  narrowing  of  tho  small  arteries  will  increase  ar- 
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terial  pressure  in  nil  luirts  nearer  the  heart,  while  dilatation 
of  the  Rmall  arteries  will  have  the  contrary  effect. 

Summary.  Wo  find  then  that  arterial  pressure  at  any 
moment  is  dojHMident  ujwn — (l)the  rate  uf  the  heart's  heat; 
(2)  the  <|Hantitv  of  hhiod  forccul  irjto  the  arteries  at  each 
beat;  (3)  the  calibre  of  the  smaller  veHneb.  All  of  these, 
and  eonse<|Tienth'  the  capillary  ciniihuion  which  de]>ends 
upon  iirteriiil  pressure,  are  under  thu  control  of  thcnervouft 
system  (see  Chap.  XVII.'. 

The  Pulse.  When  the  left  ventricle  contmct*  it  forces 
a  certain  amount  of  blood  into  the  aoita^  which  is  already 
distended  and  on  account  of  the  resitttuuce  in  front  cannot 
empty  itself  so  fiist  as  the  contntcting  ventricle  lillri  it.  As 
a  coa&equence  ita  elastic  wull^  yield  still  moi'^— it  enlarges 
both  transversely  and  longirudinally  and  if  exposed  in  a 
living  animal  can  l>e  seen  an<l  felt  to  pnl8ate,  swelling  out 
at  each  syntole  of  the  heart,  and  shrinking  and  getting  rid 
of  the  excess  during  the  pause.  A  similar  phenomenon 
can  be  observed  in  all  the  other  large  arteries,  for  just  as 
the  contracting  ventricle  fills  the  aorta  faster  than  it  emp- 
ties (the  whole  period  of  the  diastole  of  the  heart  being 
required  for  emptying  the  aorta  of  the  blood  pent  in 
during  the  systole)  so  tho  increased  tension  in  the  aorta 
immediately  after  the  cardiac  contraction,  drives  on  some 
of  its  contents  into  its  branches,  and  fdls  these  faster  than 
they  are  emptying  and  so  causes  a  dilatation  of  them  also, 
which  only  gradually  disapi>ear8  oa  the  aortic  tension  falls 
before  the  next  systole.  Hence  after e^ch  beat  of  the  heart 
there  is  a  sensible  dilatation  of  all  the  larger  arteries,  known 
as  the />m/."i/',  which  becomes  les^  and  less  marked  at  points 
on  the  smaller  branches  farther  from  tho  heart,  but  which  in 
health  can  readily  be  recognixed  on  any  arter}'  large  enough 
to  be  felt  by  the  finger  through  the  skin,  etc.  The  radial 
artery  near  the  wrist,  for  example,  will  always  be  felt  tense 
by  the  finger,  since  it  is  kept  overfilled  by  the  heart  in  the 
way  already  descrilwd.  But  after  each  heart-boat  it  be- 
comes more  rigid  and  dilates  a  little,  the  increa.<^d  disteo- 
aion  and  rigidity  gradually  disappearing  at  tho  arterv 
possea  on  the  exccfis  of  blood  before  the  next  heart-beau 
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The  pulse  is  then  a  wave  of  increased  pressure  started  by 
the  ventricular  systole,  radiating  from  the  semilunar  valves 
over  the  arteriiU  system,  and  gradually  dii&apj>eariug  in 
the  smaller  bruucLic&  In  thouurtatho  pukeismo^t  marked^ 
for  the  resistance  there  to  the  trau6mie»£iun  onwardis  of  the 
blood  sent  in  by  the  heart  id  ^route^it,  and  the  elutitic  tube 
in  which  it  conseijuently  ucc-uiuulules  is  shortest,  juid  bo  the 
increase  of  pre^ure  and  the  ddaUition  caused  are  consider* 
able.  The  aorta,  however,  gradually  squeezes  out  the  ex- 
ecs* blood  intoiU  branches  and  so  this  becomes  distributed 
over  a  wider  area,  and  these  branches  having  less  rcfiistanco 
m  front  find  less  and  less  difficulty  in  ]>assing  it  on;  conse- 
quently the  pulse-wave  becomes  less  and  less  conspicuous 
and  dnatly  altogether  disappears  before  the  c-apillaries  are 
reached,  the  excess  of  liquid  in  the  whole  arterial  system 
after  a  ventricular  systole  being  too  small  to  sensibly  raise 
the  mean  pressure  once  it  has  been  widely  distributed 
over  the  elastic  vessels,  which  is  the  case  by  the  time  the 
•wave  has  reiiched  the  small  branches  which  supply  the  ca- 
pillaries. 

The  pulso-wave  travels  over  the  arterial  system  at  the 
rate  of  about  9  meters  (20.5  feet)  in  a  second, commencing 
jtt  the  wrist  0.159  seconds,  and  in  the  posterior  tibial  artery 
at  the  ankle  0.193  seconds,  after  the  ventricular  systole. 
The  blood  itself  does  not  of  course  travel  as  fast  as  the 
pulse-wave,  foi  chat  quantity  sent  into  the  aorta  at  each 
heart^beat  docs  not  imniciJiatcly  rush  on  over  the  wliole 
arterial  system,  but  by  nxising  the  local  pressure  causes  the 
xessel  to  squeeze  out  faster  than  before  some  of  the  blood  it 
already  contains,  and  this  entering  its  branches  raises  the 
)»res6nro  in  them  and  causes  them  to  more  quickly  till  their 
brandies  and  raise  the  pressure  in  them;  the  pulse-wave  or 
wave  of  increased  pressure  is  transmitted  in  this  way  much 
faster  than  any  given  portion  of  the  blootl.  How  the 
wave  of  increased  pressure  and  the  liquid  travel  at  differ- 
ent rates  may  he  made  clearer  perhaps  by  picturing  what 
would  happen  if  liquid  were  pumped  into  one  end  of  an 
alreadv  full  elastic  tube,  closed  at  the  other  end.  At  the 
closed  end  of  the  tube  a  dilatation  and  increased  tension 
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would  bo  felt  immpfiifttcly  after  each  strolce  of  the  pmnp. 
Hlthough  tilt',  liijuid  pumped  in  at  the  other  end  would  have 
rcHmined  ab*iut  its  point  of  entry;  it  would  eaueo  !fie  pul- 
sation not  by  flowing  along  the  tnhe  itself,  but  by  giving  a 
push  to  the  lifpiid  already  in  it.  If  instead  of  absolutely 
closing  the  distal  end  of  the  tube  one  brought  about  a 
state  of  tbiuga  more  nearly  resembling  that  found  in  the 
arteries  by  allowing  it  tu  empty  itself  ngainst  a  resistance, 
suy  through  a  narrow  opening,  tho  phenomena  observed 
would  nut  bo  essentially  altered;  the  increase  of  pressure 
wituld  travel  tilnug  the  distended  tube  far  faster  than  tho 
]i<pud  in  it. 

The  pulse  being  dependent  on  the  heart's  systole,  "feel- 
ing the  pulse'*  of  course  primarily  gives  a  convenient  means 
of  counting  the  rate  of  beat  of  that  organ.  To  the  skilled 
touch  however  it  may  tell  a  great  deal  more,  as  for  example 
whether  it  is  a  readily  compressible  or  ''soft  pulse"  show- 
ing a  low  arterial  pressure,  or  tense  and  ri^id  {**  a  hard 
pulse")  indiealive  nf  high  arterial  pressure,  and  soon.  In 
adults  tho  normal  pulf*e  rate  may  vary  from  sixty-five  to 
seventy-five.  In  the  same  individual  it  is  faster  when 
standing  than  when  sitting,  and  when  sitting  than  when 
lying  do\vn.  Any  exercise  increases  its  rate  temporarily 
and  so  does  excitement;  a  sick  person's  pulse  should  not 
therefore  be  felt  when  he  is  neiTous  or  excited  (as  the 
physician  knows  when  ho  tries  first  to  get  his  patient  cahn 
and  contident).  as  it  is  then  difficult  to  draw  correct 
conclusions  from  it.  In  chihlren  the  pulse  is  iniicker  than 
in  adults,  and  in  old  a«,'e  sl*)wcr  Hum  in  middle  life. 

The  Rate  of  the  Blood-Flow.  As  the  vaficnlar  system 
becomes  more  capacious  from  the  aorta  to  the  capillaries 
the  rate  of  flow  in  il  heoomcs  ]>voportionnto]v  slower,  and 
as  the  total  area  of  the  channels  diminishes  again  from  tho 
capillaries  to  the  venm  caviv,  so  docs  the  rate  of  How  ^pucken 
again,  just  as  a  river  current  slackens  where  it  sprcJids  out, 
and  flows  faster  where  it  is  eimfitied  to  a  narrower  channel; 
a  fact  taken  advantage  of  in  the  construction  of  Eads' jetties 
at  the  month  of  the  Mississippi,  the  object  of  which  is  to 
make  tho  water  flow  in  a  narrower  channel  and  so  with  a 
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mon?  rapid  current.  Actual  raeasurpments  as  to  tho  rat« 
of  flow  in  the  urtonps  cuniiot  Ik*  mudo  on  man,  bat  fiY»m 
experiments  on  lower  animals  it  is  calculated  tliat  in  the 
human  carotid  the  blo4>tl  flows  about  4f>0  millimeters  (  IG 
inches)  in  a  second.  In  tlie  wipillaries  the  current  travel?* 
only  from  0.5  to  0.75  mm.  {^(^  to  ^  Inch)  in  a  second. 
The  total  time  taken  bv  a  portion  of  bJood  in  getting  fron^ 
the  aorta  through  the  carotid  and  its  branches,  and  the 
capillaries,  and  then  through  veins  to  the  right  auricle* 
that  is  in  going  round  the  systemic  circulation,  is  about 
23  seconds — of  which  time  about  one  second  is  spent  in 
the  capillaries:  each  jx»rtion  of  blood  on  its  course  from 
the  last  artery  to  the  first  vein  passes  through  a  length 
of  capillary  which  on  the  averoge  is  0.5  mm.  [}^  inch). 
The  rate  of  flow  in  the  great  veina  is  about  100  mm.  (4 
inches)  in  a  second,  but  is  subject  to  considerable  varia- 
tions dependent  on  the  respiratory  and  other  movements 
of  the  Body  (see  below). 

SeooDdary  Cauaes  of  the  Circulation.  While  the  heart's 
heal  is  the  gi'ejit  driving  force  of  the  circulation,  cerljiin 
other  things  help  more  orlcj^j* — vix.  gravity,  compression  of 
the  veinflt  and  aspiration  of  the  thorax.  All  of  them  are. 
however,  quite  subpidiary;  ex}»eriment  on  the  dead  Body 
shows  that  the  injection  of  whipped  blood  into  the  aorta 
under  a  less  force  than  that  exerted  by  the  left  ventricle 
during  life,  i«  more  than  Bufticient  to  drive  it  round  and 
back  by  the  Tcnm  cava?.  Not  unfrequently  the  statement 
is  made  in  books  that,  probably,  the  systemic  rapillaries 
have  an  attractive  force  for  arterial  blood  and  the  pulmonarv 
capdlaries  for  venous  blood»  but  there  is  not  the  slightest 
evidence  of  the  correctness  of  such  a  supposition,  nor  any 
necessity  for  making  it. 

The  Influenoo  of  Gravity.  Under  ordinary  circum- 
stances this  ma^  be  neglected,  since  in  parts  of  the  Body 
below  the  level  of  the  heart  it  will  assist  the  flow  in  the 
arteries  and  impede  it  equally  iti  the  veins,  while  therevprse 
is  the  case  in  the  upper  parts  of  the  Body.  In  certain  cases, 
however,  it  is  well  to  bear  these  points  in  mind.  A  part 
*' congested"  or  gorged  with  blood   should  if  possible  be 
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raised  00  a«  to  make  the  back-flow  in  iU  veins  easier:  and 
sometimes  when  llic  heart  i^  acting  feebly  il  muy  bo  able 
to  drive  blood  along  arteries  in  which  gravity  helj)!*,  but  not 
otherwise.  Accordingly  in  a  tendency  to  fainting  it  is  best 
to  lie  down,  and  make  it  easier  for  the  heart  to  send  blood 
np  to  the  brain,  bloodlessuess  of  which  is  the  cause  of  the 
loss  of  conscioufiness  in  a  fuinting-fit.  In  fact  so  long  as 
the  breathing  continues  the  aspii'atiou  of  the  thorax  will 
keep  up  the  venous  flow  (see  below),  while,  in  the  circuui- 
stouees  supposed,  a  slight,  diminution  in  the  re^iistance  op- 
posed to  the  arterial  flow  may  be  of  importance.  The  lieiul 
of  a  person  who  has  fainted  should  accordingly  never  be 
raised  until  he  has  undoubtedly  recovered,  a  fact  rarely 
borne  in  mind  by  spectators  who  commonly  rush  at  once  to 
lift  any  one  whom  they  see  fall  in  the  sti-eet  or  elsewhere. 

The  Influence  of  Transient  Compression  of  the  Veins. 
The  valves  of  the  veins  being  so  disposed  as  to  permit  only 
a  flow  towards  the  heart,  when  external  pressure  empties  a 
vein  it  assists  the  circulation.  Continuous  jiresnure,  us  by 
a  tight  garter,  is  of  course  bad  .since  it  checks  all  subse- 
quent flow  through  the  vessel,  but  iutermitient  pressure, 
such  as  exerted  on  many  veins  by  muscles  in  the  ordi- 
nary movements  of  the  Body,  acts  as  a  pumji  to  force  on 
the  blood  in  them. 

The  valves  of  the  veins  have  another  use  in  diminishing 
the  pressure  on  the  lower  part  of  those  vessels  in  many 
regions.  If,  for  instance,  there  were  no  valves  in  the  long 
saphenoua  vein  (p.  2U)  of  the  leg  the  weight  of  the  whole 
ooluran  of  blood  in  it,  which  in  the  erect  position  would  be 
about  a  meter  (39  inches)  high,  would  press  on  the  lower 
part  of  the  vessel.  But  each  set  of  valves  in  it  carries  the 
weight  of  the  column  of  blood  between  it  and  the  next  set 
of  valves  above,  and  relieves  parts  below,  and  so  the  weight 
of  the  column  of  blood  is  distributed  and  does  not  all  bear 
on  any  one  point. 

Aapiration  of  the  Thorax.  ^Vhenever  a  breath  is  drawn 
the  pressure  of  the  air  on  the  vessels  inside  the  chest  is  di- 
minished, while  that  on  the  other  vessels  of  the  Body  is  un- 
affected.    In  consequence  blood  tends  to  flow  into  the  chest. 
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It  caxmot,  however,  flow  back  from  the  tfteries  on  acoount 
i^t  the  semilanar  vulretf  of  the  aorta,  but  it  readily  is  preaaed, 
or  iu  common  lunguuge  ''sucked/'  thus  tnto  the  great 
veins  cloee  to  the  heart  and  into  the  right  auricle  of  the 
latter.  The  detaiU  of  this  action  must  be  omitted  until 
the  respinitorjr  mechanism  hau  been  coiu^idervML  All  parts 
of  the  imlmonary  circuit  being  within  the  thorax,  the 
teepiratory  movements  do  not  influence  it.  except  in  so  far 
IM  the  distension  or  coUapi^}  of  the  lungs  influences  the 
calibre  of  their  vessels, 

The  considerable  iiirtuent'c  of  the  respiratory  movements 
ujKjn  the  venous  circulation  can  bo  readily  observed.  In 
tiiin  persons  the  jugular  vein  in  the  neck  can  often  be 
seen  to  empty  rapidly  and  collapse  during  inspiration,  and 
fill  up  faster  than  it  cmptie-s  during  expiration,  thus  exhib- 
iting a  sort  of  venous  pulse.  Every  one,  too,  knows  that 
by  making  a  violent  and  prolonged  expiration,  as  exhibited 
for  example  by  a  child  with  whooping-cough,  the  flow 
in  all  the  veins  of  the  head  und  nock  may  be  checked, 
causing  them  to  SM'ell  up  and  hinder  the  capillary  circula- 
tion until  the  person  becomes  *'  black  in  the  face,"  from  the 
engorgement  of  the  small  vessels  with  the  dark-colored  ve- 
nous bkHid. 

In  diseases  of  the  tricuspid  valve  another  form  of  venous 
pulse  is  often  seen  in  the  superficial  veins  of  the  neck,  since 
at  each  contraction  of  the  right  ventricle  some  blood  is 
driven  buck  through  the  right  auricle  inlo  tlio  veins. 

Froo&  of  the  Circulation  of  the  filood.  The  older 
physiologists  belicvL-ii  that  the  movement  of  the  MihkI  was 
an  ebb  and  flow,  to  and  frnm  each  side  of  the  heart,  and  out 
and  in  by  both  arteriog  and  veins.  They  had  no  idea  of  a 
circnhition,  but  tlionght  pure  lilond  was  foriiicd  in  the  lungs 
and  impure  lu  the  liver,  and  tliiit  these  partially  mixed  in 
the  heart  through  minute  pores  supposed  to  exist  in  the 
septum.  Servetus,  who  Wiis  burnt  alive  by  C'alvin  in  lft53, 
first  showed  Ihiit  there  was  a  continuous  piissago  through 
the  lunga  from  tlie  pulrnonaiT  artery  to  the  pulmonary 
veins,  but  the  great  Englishman  Harvey  first,  in  lectures 
delivered  in  the  College  of  Pliysicians  of  London   about 
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161f>,  demonstrated  that  the  movement  of  the  blood  was  a 
continuous  circulation  as  we  now  know  it.  and  so  laid  the 
foundation  of  modern  Physiolog}'.  In  his  time,  however, 
the  capillary  vesaelfl  had  not  been  discovered,  so  that  al- 
though he  was  quite  certain  that  the  blood  got  somehow 
from  the  final  branches  of  the  uortu  to  tlic  radicles  of  the 
\eiioafl  system,  ho  did  not  exactly  knuw  hotv. 

Tbe  proofs  of  the  course  of  the  circulation  are  at  present 
quite  conclusive  and  may  be  summed  up  as  follows.  (1) 
Blood  injected  into  an  artery  in  the  dead  Bf>dy  will  retnm 
by  a  vein;  but  injected  into  a  vein  will  not  pass  back  by  an 
artery.  (2)  Tbe  anatomical  arrangement  of  the  valves  of 
the  heart  and  of  tlje  veins  sliow^  that  the  bloud  can  only 
daw  from  tlie  heart,  through  the  arteries  and  back  fo  the 
heart  by  the  veins.  (3)  A  cut  artery  spurts  from  the  end 
next  the  heart,  a  cut  vein  bleeds  most  from  the  end 
farthest  from  the  heart.  (4)  A  portion  of  a  vein  when 
eni[ilied  fills  only  from  the  end  farthest  from  tlie  heart. 
This  experimeuL  can  bo  made  on  the  veins  on  thu  back 
of  the  liand  of  any  thin  person,  especially  if  the  vessels 
be  first  gorged  by  holding  the  band  in  a  dc|K»ndent  posi- 
tion for  a  few  seconds.  Select  then  a  vein  which  runs 
for  an  inch  or  so  without  branching,  place  one  finger  on 
its  distal  end  and  then  empty  it  iip  to  its  next  branch 
(where  valves  usually  exist)  by  compressing  it  fnmi  below 
up.  The  vessel  will  then  be  found  to  remain  empty  as 
long  as  the  finger  is  kept  on  its  lower  end,  but  will  fill 
immediately  when  it  is  removed;  which  proves  that  the 
valves  prevent  any  filling  of  the  vein  from  its  heart  end 
backwards.  (5)  If  a  bandage  be  placed  around  the  ami. 
BO  as  to  close  the  superficial  veins  but  in>t  tight  cnongh  to 
occlude  the  deeper-seated  arteries,  the  veins  on  the  distal 
side  of  the  bandage  will  become  gorged  and  those  on  its 
proximal  side  empty,  showing  agjiin  that  the  veins  only 
receive  blood  fn>m  their  ends  turned  towards  the  capilla- 
ries. (C)  In  the  lower  animals  direct  observation  with  tlio 
microscope  shows  the  steady  flow  of  blnod  from  the  arte- 
ries through  the  capillaries  to  the  veins,  but  never  in  the 
opposite  direction. 
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CHAPTER    XVII. 

THE  REOfULATION  OF  THE  HEART  AND  BLOOD- 
VESSELS  BY  THE  NERVOUS  SYSTEAL 
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The  Need  of  Co-ordination.  For  the  safe  and  hnrmo- 
niouii  working  uf  the  circulatory  upparutua  it  ia  obviously 
neoessary  that  there  be  Bonie  mode  of  mutual  interaction 
between  the  heart  and  the  blood-ve«.<cl5:  if  the  heart  beat 
and  the  arteries  relaxed  or  contracted,  euvh  witliout  any 
reference  to  the  other,  no  orderly  capillary  flow  could  be 
maintained.  To  secure  that,  the  work  done  by  the  heart  and 
the  resistance  to  the  blood-flow  offered  in  tlic  vessclfl  must 
at  any  given  moment  be  correUited;  so  that  the  heart  siiall 
not  by  too  powerful  action  over-distend  or  perhaps  burst 
the  small  arteries,  nor  the  latter  contract  too  much  and  so, 
by  increasing  the  periphcml  resiiitance.  raiae  the  aortic  pres- 
sure to  a  great  height  and  increase  unduly  the  work  to  be 
done  by  the  left  ventricle  in  forcing  open  the  semilunar 
valves.  Again,  the  total  amount  of  blood  in  the  Body  is 
not  sufficient  to  keep  all  its  organs  supplied  with  the 
amount  needful  for  the  full  exercise  of  their  activity  at 
one  time,  and  in  the  Body  accordingly  we  never  And  all 
its  parts  hard  at  work  at  the  same  moment.  If  when  one 
group  of  muscles  was  set  at  work  and  needed  an  extra 
blood-snpply,  this  was  attained  merely  by  increasing  the 
heart's  activity  and  keeping  up  a  faster  blood-flow  every- 
where through  the  Body,  there  would  be  a  clear  waste  of 
force,  much  as  if  the  chandeliers  in  a  house  were  so  ar- 
ranged that  when  a  larger  flame  was  wanted  at  one  burner 
it  could  only  bo  obtained  by  turning  more  gas  on  at  all  the 
rest  st  the  same  time;  besides  the  big  tap  at  the  gas-meter 
regulating  the  general  supply  of  the  house,  local  taps  at 


ns 


THE  HUMAN  BODY. 


each  bnrner  are  required  wliich  reguktc  the  gaa-snpply  to 
each  flamo  independently  of  the  rest.  A  similar  arrange- 
ment iti  found  in  the  Body.  Certain  nerves  eontrul  the 
calibre  t»f  the  arteries  8ui«[)lyiiig  ditfcreut  organs  and,  when 
the  latter  arc  set  at  work,  allow  their  arteries  to  dilute  and 
60  incri'jwe  the  amount  uf  blood  Iluwing  through  them 
while  the  general  eireulatiou  elsewhere  remains  praeiicully 
unaffected.  The  resting  j)arta  at  uny  moment  thus  get 
just  enough  blood  to  maintain  their  healthy  nutrition  and 
the  working  parts  get  more;  and  iw  cerUin  organs  come  to 
rest  and  others  are  set  in  nclivity,  tlio  arteries  of  the  one 
narrow  and  of  the  others  dilate ;  iu  i\\\A  way  the  distri- 
bution of  the  blood  iu  the  Body  is  undergoing  constant 
ohaugeSy  parts  which  at  one  time  contain  much  blood  at 
another  having  but  little.  In  addition,  then,  to  nervous 
organs  regulating  the  work  of  the  heart  and  the  arteries 
with  reference  to  one  another,  we  have  to  consider  another 
Bet  of  vascular  nerves  which  govern  the  local  blood-supply 
of  different  regions  of  the  Body. 

The  Nerves  of  the  Heart.  The  heart  gets  nerves  from 
three  sources.  (I)  From  nerve-cells  buried  in  its  own  sub- 
stance and  known  as  its  xtdrimir  ganglia,  (2)  From  the 
tenth  pair  (pneumogastrics)  of  crimial  nervcfi.  (3)  From 
the  sympathetic  nervous  system.  The  intrinsic  ganglia 
keep  the  heart  beating,  and  the  other  two  seta  of  nerves 
control  the  nito  and  force  of  the  beat. 

The  Intrinsic  Heart-Werves.  The  ganglia  of  the  heart 
lie  for  the  most  part  in  the  partition  between  the  anrieles 
and  along  the  line  of  junction  of  the  auricles  and  ventricles  ; 
a  few  are  found  also  in  the  njiper  ]>arts  of  the  latter.  Fr<mi 
some  of  them  arise  nerve-fibres  which  go  to  the  muscles  of 
the  heart,  while  others  are  connected  with  the  endings  of 
the  extrinfiic  nerves  reaching  the  organ;  and  probably  all 
communicate  by  a  network  of  nerve-fibres. 

The  heart  is  an  antomfttic  organ  :  its  beat,  like  the 
movement  of  filament:*  of  a  ciliated  cell,  depends  on  its 
own  structni-e  and  properties  and  not  on  anything  outside 
itself.  This  is  proved  by  the  fact  thiit  the  heart  cut  out  of 
an  animal  which  has  just  been  decapitated,  and  entirely  re- 
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ired  from  all  the  rmt  of  the  bodv,  wiD  go  on  beattng  for 
le  time  :  a  time  which  is  rerj  «hort  in  the  cue  of  vann- 
I4oode<l  animak,  tht*  tissaea  of  which  die  verr  «u>on  when 
the  bl(xid-flow  throagh  them  eeatie»,  but  which  muy  extend 
to  hoars  or  even  dars  in  the  excised  heart  of  frog  or 
turtle,  if  it  be  kt?pt  from  drving  up.  Still,  whether  the  time 
of  its  continuance  be  shorter  or  longer,  the  fact  that  the 
heart-beat  continues  after  complete  excision  of  the  organ 
profee  that  it  is  not  dependent  on  etimuli  reaching  it  from 
oihcT  pfirta  of  the  Body.  In  the  ciliated  cell  we  hud  no 
differentiation  into  mu&cle  and  nerte — its  contrartile  and 
automatic  part^  if  separateil  at  all  were  not  optically  distin- 
guishable and  we  conld  only  f»peak  of  the  cell  aa  still  retain- 
ing both  of  thoi»e  primitive  protoplasmic  properties.  But 
in  the  heart,  where  we  find(li:^tiuct  muscle*  and  nerves,  the 
question  naturally  arise?  in  which  of  them  docf  the  unto- 
matic  pfiwer  reside.  We  have  already  seen  (C*hap.  X.)  that 
xntiBoles  elsewhere  i»088ess  no  automaticity  :  they  only  con- 
tract under  the  intlueuce  of  a  recognizable  stimulus,  and 
though  the  mu.^cular  fibres  of  the  heart  do  differ  somewhat 
from  othermuscular  tibres  in  the  Body,  it  is  still  a  priori  im- 
probable that  they  are  automatic  and  we  are  accordingly  led 
rather  to  suppose  that  the  stimulus  resides  in  the  ganglion- 
oelU  of  the  heart,  especially  since  we  know  that  nerve-celU 
elsewhere  arc  automatic.  Experiment  confirms  this  sapp<>- 
sition.  If  a  frog's  heart,  removed  from  the  body  and  still 
beating,  be  cut  into  sc»veral  pieces  with  a  sharp  razor  it  will 
b©  found  that,  while  bits  of  the  auricles  and  the  base  of  the 
rentricle  go  on  beating,  the  apical  portions  of  the  ventricle 
lie  at  rest^-not  because  the  muscle  there  is  dead  and  has 
lost  its  contractility,  for  these  bits  if  excited  by  any  ex- 
truieous  muscular  stimulus  will  still  beat,  but  because 
that  part  of  the  heart  possesses  no  automaticity.  Kow  this 
la  just  the  part  of  the  frog's  heart  that  has  no  gnngliou-cetis 
of  its  own.  while  the  piirts  that  go  on  licuting  are  those 
which  possess  them  ;  lience  wo  conclude  that  the  stimulus 
originates  in  the  nerve-cells  of  the  orgnn  and  is  from  them 
carried  by  its  nerve-fibres  to  the  muscles.  The  excitant  of 
the  nerve-c^Ua  being  still  unknown  we  call  them  automatio 
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Under  certain  conditions  the  isolated  apex  of  the  frog's 
lieart  gives  rhythmic  automatic  beats;  the  cjirdiac  muscle 
seems  to  have  retained  some  automaticity,  though  Jiot  so 
much  as  the  nerve-cells.  lu  any  case  the  cause  of  the 
heart's  beat  lies  in  the  heart  itself,  though  controlled  as  to 
rate  and  force  by  nerves  from  elsewhere. 

Nerves  Slowing  the  Heart's  Beat.  Each  pneumogus- 
tric  trunk  sends  stnend  branches  to  tlit*  ht-art.  Certain  of 
these  contain  libres  which  when  excited  slow,  or  even  alto- 
gether stop,  the  beat  of  the  heart  and  are  hence  known  as 
the  cardiO'inhibitory  fibres. 

If  one  pneumogastric  trunk  bo  divided  as  it  runs  down 
the  neck  and  its  peripheral,  or  lower,  end  be  stimulated 
feebly  tlie  heart's  beat  becomes  less  frequent,  while  a  more 
powerful  stimulation  will  completely  stop  it  for  a  few- 
seconds,  a5  if  its  muscles  were  suddenly  paralyzed.  If  the 
eiperinient  be  performed  upon  a  narcotized  auimal,the  heart 
of  which  is  at  the  wime  time  exposed  by  opening  the  chest, 
it  will  beseen  that  during  the  stoppage  the  heart  lies  flabby 
and  relaxed  in  diastole :  the  excitation  of  the  nerve  does 
not  stop  the  heart's  beat,  as  might  perhaps  bo  supposed,  by 
keeping  it  in  a  state  of  permanent  tetanic  contraction,  but 
it  annuls  its  contractions  and  throws  it  into  a  state  of  rest ; 
the  nervo-tibres  concerned  are  not  excitant  but  inhibitoi^, 
stopping  instead  of  culling  forth  the  activity  of  the  part  on 
which  they  act.  Whether  their  inHucnce  is  exerted  di- 
rectly on  the  muscular  fibres  of  the  heart  or  upon  itj  in- 
trinsic ganglia,  abolishing  their  automatic  activity  and  so 
cutting  ofif  the  stimuli  which  normally  radiate  from  them 
to  the  muscles,  is  not  certainly  known,  but  the  latter  view 
is  probably  the  correct  one.  In  any  case  the  full  inhibi- 
tory power  usually  lasts  only  a  short  time  ;  even  if  the 
pneumogastric  stimulation  be  continued  the  heart  will  al- 
most always  after  a  few  seconds  recover  from  its  inJlucuce 
and  commence  to  beat  again. 

These  cardio-inhibitory  fibres  originate  in  a  collection  of 
nerve-cells  in  the  medulla  ohlongatji  known  as  the  ctirdio- 
inhibitory  centre.  This  centre  is  automatic  and  always  in 
a  state  of  slight  excitation,  feebly  stimulating  the  lii>rcs 
^>roceeding  from  it  and  slightly  slowing  the  hewt's  beat. 
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ThiB  ifl  shown  by  the  fact  that  if  both  pneumoga^tric  nerves 
ent  in  the  neck  the  heart  at  once  bogina  to  beat  a  little 
\ivt  tlian  before;  the  brake,  so  to  speak,  haa  been  taken 
off  it. 

Th«  Influence  upon  Arterial  Pressure  of  Inhibiting 
Le  Heart.  If  tho  heart  be  entirely  f4top[>cd  uru^riiil  pres- 
[vure  will  of  course  fall  very  rapidly,  fiince  the  distended 
{arterial  system  will  go  on  emptying  itself  through  the  capil- 
ijaries  into  the  veins,  without  receiving  any  fresh  supply  at 
^its  cardiac  end.  So  too  if  the  heart  be  mode  to  beat  slower, 
Itat  with  tho  same  force  in  each  stroke,  it  folluwii  from  tlie 
'facU  pointed  out  in  the  last  cha]it«r  (p.  23S)  that  arterial 
pressure  will  fidl  to  a  new  and  lower  level,  at  which  the 
F«laftie  arteries  are  only  stretched  enough  to  squeeze  ouc  in 
,«  minute  as  much  as  they  receive.  A.s  a  matter  of  fact, 
[irhen  the  heart  is  made  to  beat  slower  by  weak  paeumo- 
^^gastric  stimulation  ea^^h  beat  is  usually  a  little  more  power- 
tl  tliau  before.  However,  this  extra  force  is  not  sufficient 
to  compensate  entirely  for  the  slower  rate  and  so  the  gen- 
eral arterial  pressure  falls. 

Use  of  the  Cardio-Inhibitory  Hechanism.  Although 
the  cardio-inhlbitory  centre  is  automatic  and  always  in  a 
state  of  slight  activity  it  is  aUo  greatly  under  the  control  of 
afferent  nerve-fibres  reaching  it  and  which  can  arouse  it  to  a 
much  greater  degree,  and  bo  reflexly  control  the  heart's  beat. 
If  a  frog  be  rendered  insensible  and  its  abdominal  cavity 
opened,  it  will  be  found  that  one  or  two  smart  taps  on  the 
intestine  will  cause  the  heart  to  stop  in  dia.stole.  If,  how- 
ever, the  pneumogastric  nerves,  or  the  spinal  cord,  or  the 
anterior  roots  of  the  spinal  nerves,  or  the  communicating 
branches  between  the  sympathetic  nerves  of  the  abdomen 
and  the  spinal  nerves,  be  cut  previously,  then  striking  the  in- 
testine has  no  influence  upon  the  lieait;  nor  has  it  if  the 
cardio-inhibitory  centre  in  the  meduHa  oblongata  be  pre- 
viously destroyed.  Wo  thus  get  evidence  that  the  mechani- 
cal stimulation  of  the  intestinal  nerves  stops  the  heart  re- 
flexly through  the  pneumogarftricri,  the  afferent  imjmUes 
traveUng  from  the  symimthetic  into  the  spinal  nerves  and 
paasing  then  up  the  spinal  cord  to  the  cardio-iuhibitory 
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centre,  where  they  are  reflected  us  efferent  impulses  down 
the  pnoumogttstrc  trunks  to  the  heart.  In  man  and  other 
mammals  similar  arrangements  exist,  the  afferent  fihrcs  pass- 
ing from  the  alimentary  canal  through  the  solar  plexus  (p.  172) 
whirh  lies  behind  the  stomach.  It  is  by  exciting  tliem  and 
60  retlcxly  stojiping  the  heart,  that  men  are  sometimes  killed 
by  a  severe  blow  on  the  abdomen  or  eveu  occjisiunully  by  a 
large  draught  of  \ery  cold  water,  the  sudden  cold  acting  as 
a  thermal  stimulus,  through  the  walli^  of  the  stomach,  on  the 
uerve-fihrcs  outside.  A  hot  utid  wry  thirsty  person  requir- 
ing ft  big  drink  should  tliereforc  not  take  too  cold  water — 
or  if  he  does,  swallow  it  only  a  mouthful  at  a  time. 

The  blood-vessels  of  the  alimentary  canal  are  veiT  numer- 
ous and  capacious  and  form  oue  of  the  largest  vaj^eular  tracts 
of  the  whole  Body,  and  through  the  reflex  mechanism  above 
described  we  see  how  they  may  control  the  heart's  beat. 
Probably  if  the  heart  is  beating  too  frequently  and  keeping 
np  too  hi<?!i  a  jtressure  iik  them,  the  sympathetic  iierve- 
fibres  in  their  coats  are  ^;timulutcd  and  tbcu,  rcflexly, 
through  the  uardio-inhibitory  centre  alow  the  heart's  beat 
and  lower  the  general  arterial  pressure  ;  and  so  we  get  one 
co-ordinating  mechanism  by  which  the  he4irt  and  blood-ves- 
sels are  matle  to  work  in  iinison. 

Some  other  afferent  nerves  are  also  known  to  be  in  con- 
nection with  the  cardio-inhibitory  centre.  For  instance, 
some  persona  are  made  to  faint  by  a  strong  odor,  the  olfao- 
toTY  nerves  exciting  the  cardio-inhibitory  centre  and  stop- 
ping or  greatly  slowing  tbt'  lieart.  Deaths  from  the  admin- 
istration of  chloroform  are  also  usually  brought  about  in  the 
flame  way.  the  vapor  stimulating  the  sensory  nerves  of  the 
air-passages  which  then  excite  powerfully  the  cardio-inhibi- 
tory centre  and  stop  the  heart. 

The  Accelerator  Nerves  of  the  Heart.  These  originate 
in  the  spinal  cord,  from  which  they  jiass  by  communicating 
branchea  to  the  lowest  cervical  and  upjwr  dorsal  sym- 
pathetic ganglia  and  thence  to  the  heart.  When  stimu- 
lated they  cause  the  heart  to  beat  quicker,  but  under  what 
conditions  they  are  employed  in  the  physiological  working 
of  the  Body  is  not  known. 
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The  Nerves  of  the  Blood- VeflseU.  The  art<!rie8,iw  already 
]Kiiiite>d  ual,  posHf^;^  u  niUHciilar  coat  composed  of  fibres 
amiiiged  ttoro88  them,  so  that  their  contraction  will  narrow 
the  vesseU.  This  coat  is  most  prominent  in  the  smaller 
TeeselSp  those  of  the  size  which  go  to  supply  scitarate organs, 
but  disappears  again  in  the  smallest  branches  which  are  about 
to  divide  into  capillaries  for  the  individual  tissue  elements 
of  un  organ.  These  vascular  muscles  are  under  the  control 
of  certain  nerves  called  rn^o-muhtr  (p.  IHO)  and  these  latter 
can  thus  govern  the  amount  of  blood  reacliing  any  organ  at 
a  given  time.  The  va8o-motor  ncrvoj*  of  the  arteries  are, 
like  those  of  the  heart,  intrinsic  and  extrinsic.  The  intrin- 
sic fibres  originate  from  ganglion-cells  in  the  coats  of  the 
arteries  or  lying  alongside  thorn,  while  the  extrinsic  origi- 
nate from  cells  in  the  cerebro-spinnl  centre,  from  which 
they  commonly  pass  into  the  sympathetic  system  before 
they  reach  the  vessels.  The  intrinsic  ganglia,  like  those  of 
the  heart,  are  automatic  and  tend  to  keep  the  muscular 
coats  of  the  arteries  in  a  constant  state  of  feeble  contrac- 
tion so  that,  ajwrt  from  their  physicjil  elasticity,  the  arteries 
always  hold  a  certain  ^rip  on  the  blood.  The  contraction, 
however,  is  a.s  a  rule  pcr-^'istcnt  and  steady,  or  /ont'c,  instead 
of  rhythmic  like  that  of  the  heai*t,  although  slow  rhythmic 
contractions  have  been  seen  to  occur  in  some  arteries.  The 
difference  probably  depends  rather  on  the  kind  of  muscle 
concerned  in  each  case  than  on  the  ganglion-cells,  since 
plain  muscular  tissue,  such  as  is  found  in  the  arteries,  con- 
tracts so  slowly  and  remains  contracted  so  Jong  when  excited, 
that  stimuli  reaching  it  at  intervals  which  would  give  a 
rhythmic  beat  in  cardiac  muscle,  would  keep  the  arterial  per- 
manently contracted  or  tetanized.  As  in  the  heart,  tlie 
activity  of  the  arterial  intrinsic  nervous  mechanism  is 
under  the  control  of  extrinsic  nerves,  certain  of  which,  the 
vano-ronKfririorn,  answer  to  the  accelerator  nerves  of  the 
heart  and  increase  the  activity  of  tlie  intrinsic  ganglia, 
while  others,  corresponding  to  the  cardio-inhibitory  fibres, 
rheck  the  activity  of  the  intrinsic  vascular  nerves. 

The  Vaao-Motor  Centre.     The  vuso-conHtrictor  extrinsic 
furlerial  nerves  ure  neatly  always  iu  a  state  of  slight  activity. 


254 


THE  UUMAy  BODY. 


keeping  the  arteries  more  constricted  than  they  would  be 
under  the  inftnenceof  their  intrinsic  nerves  alone.  Accord- 
inglyif  they  are  cut,  or  paralyzed,  in  any  region  of  the  Body 
its  arteries  dilate  and  it  becomes  flushed  with  blood.  Those 
of  the  external  ear,  for  example,  run  in  the  cervical  sympa- 
thetic, from  the  lower  part  of  ihe  neck  where  they  leave  the 
Bpinal  cord,  until  they  roat^h  the  arterial  branches  for  the 
ear  and  run  along  the  Kuialler  twigs  to  it.  If,  therefore, 
the  cervical  sympathetic  be  divided  on  one  side  in  an 
antesthetizcd  riibbit.  the  car  on  that  side  becomes  red  and 
warm  from  the  dilatation  of  its  arteries  and  the  extra 
amount  of  blood  tlowing  through  it.  If,  however,  that  end 
of  the  cut  nerve  still  attached  to  the  ear  be  excited  electri- 
cally or  othiTwtso.  the  car  arteries  contract  gradually  until 
their  j)assage  is  almost  closed  up,  and  the  whole  organ  be- 
comes cold  and  very  pale.  Although  these  vaso-constrict or 
fibres  arc  thus  shown  to  pass  throuj^li  (he  cervical  wymjia- 
thetic.  other  oxporiments  show  tluit  thev  rrally  originate 
in  a  group  of  nerve-cells  in  the  medulla  oHlongattt,  and 
from  there  run  down  the  spinal  cord  to  tho  lower  part  of 
the  neck,  where  they  pass  out  in  the  anterior  roots  of  some 
gpinal  nerves  and  reach  the  sympathetic  system.  The  same 
is  true  of  nearly  all  extrinsic  vaao-constrictor  nerve-fibree 
in  the  Body,  Some  few  possibly  arise  from  centres  in  the 
spinal  cord,  but  the  great  majority  come  primarily  from 
the  medulla  oblongata,  and  the  collection  of  nerve-cells 
there  from  which  they  spring  is  known  aa  the  vaso-nwtor 
centre:  a  better  name  would  be  the  vaso-constrictor  centre. 
The  Cfontrol  of  the  Vaso-Motor  Centre.  The  vaso- 
motor centre  is  automatic;  that  is  to  wiy  it  maintains  a 
certain  amount  of  activity  of  its  own,  independently  of  any 
stimuli  reaching  it  through  afferent  nerve-fibres.  Never- 
theless, like  nearly  all  automatic  nerve-centres,  it  is  under 
reflex  control,  so  tliat  its  activity  may  be  increased  or  les- 
sened by  afferent  impulses  conveyed  t«  it.  Nearly  every  sen- 
sory nerve  of  tho  Body  is  in  connection  with  it;  any  stimu- 
lus giving  rise  to  pain,  for  example,  excites  it,  and  so 
constricting  tlie  arteries,  increases  the  peripheral  resist- 
aucc   to  the  blood-flow  and  raises  arterial  pressure.      On 
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the  other  hand,  certain  fibres  convoying  impulsos  fmm  ilir 
heart   inhibit   the  ccntro  and  dilate   the   arteries,  lower 
hlood-pressore,  and  diminish  the  roi^itstjincv  to  ho  overconio 
hj  the  heart.     These  fibres  run  in  branches  of  the  pneunio- 
go&tric,  and  are  known  an  the  depressor  fibres,  or  in  cert4iiii 
uaioiala,  for  example  the  rabbit,  where  tliey  lire  all  collected 
into  one  branch,  as  the  depressor  nerve.     If  thii*  uerve  be 
divided  and  its  cardiac  end  gtimiilated  no  effect  is  pro- 
duced,   bat    if    its    central    end    (that     :<till    connected 
with  the  rest  of  the  pncumoga£trio  trunk  and  through  it 
with  the  medulla  oblongata)  be  stimulated,  nrtcrial  pressure 
gradually  full*;  ihia  result  being  dein'odont  u|Mjn  a  dilata- 
tion of  the  8maU  arteries,  and  rousoquent  diminution  of 
the  peripheral  resistance,  following  an  inhibition  of  the 
vaBO-raotor  centre  brought  about  by  the  deprceaor  nerve. 
Through  the  depressor  nerve  the  heart  can  therefore  influ- 
ence the  calibre  of  the  small   arteries  and.   by  lowering 
aortic  prcHsure,  diminish  its  own  work  if  need  be. 

BluahiB^.  The  depressor  neiTcs  control  a  great  part  of 
the  va.-*o -motor  centre,  and  so  can  bring  about  dilatation 
of  a  large  number  of  arteries — their  influence  u  called  into 
play  when  general  arterial  pressure  is  to  be  lowered,  but  ia 
useless  for  controlling  local  blood-supply.  This  is  man- 
aged by  other  afferent  nerves,  each  of  which  inhibits  a 
small  part  only  of  the  viiso-motor  centre,  governing  the 
arteries  of  a  limited  tract  of  the  Body;  the  dilatation  of 
these  increases  the  amount  of  blood  flowing  through  the 
particular  region  to  which  they  are  distributed,  but  does 
not  affect  the  total  resistance  to  the  blood-flow  sufficiently 
to  influence  noticeably  the  general  pressure  in  the  arterial 
system.  In  bhisliing,  for  exiunple,  under  the  influence  of 
an  emotion,  that  part  of  the  vaso-motor  centre  which  sup- 
plies constrictor  nerves  to  the  arteries  of  the  skin  of  the 
neck  and  face.  Is  inhibited  by  nerve-fibres  prooeedmg  from 
the  cerebrum  to  the  medulla  ohlongata,  and  the  face  and 
neck  con.Meijuently  bocdmc  full  of  blood,  and  flush  up. 
Quite  similar  phenomenu  occur  under  other  conditions  in 
many  part^  of  the  Body,  although  when  not  visible  on  the 
surface  we  do  not  usually  call  them  blushes.     The  mucous 
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morubraiie  liuiiig  tho  empty  etomach  is  pallid  and  its  ar- 
teries contraLti'd,  but  as  buoii  as  fuuJ  eiitt-rs  tlu*  organ 
it  bt'L'ouies  red  and  full  of  blood;  the  food  Btimulating 
afferetit  nerve-fibres  there,  whirh  inhibit  that  part  of  the 
va!*"-inotor  centre  wliicli  governs  the  ga.stric  urteries. 

Taking  Cold.  This  common  disease  is  not  anfre<|nent- 
ly  caused  tlirougli  undue  reflex  excitement  of  the  vaso- 
motor centre.  Cold  acting  upon  the  skin  gtimnhites.  through 
the  alTerent  nerves,  the  region  of  the  vtiso-niotor  ceulre  gov- 
erning the  8kin  arteries,  and  the  latter  become  contracted, 
as  shown  by  the  |)ullor  of  the  surface.  This  has  a  two-fold 
intluoiice — in  the  (Jrst  pliice,  more  blood  is  thrown  into  in- 
terual  parts,  and  in  tho  second,  CMfntraction  of  tho  arte- 
ries over  so  much  of  the  Uitdy  considprably  mises  the  gen- 
eral l)l*HKi-pressure.  Consequently  the  ve.*isels  of  internal 
parts  iK'comc  overgorgod  or  "congested."  a  condition  which 
readily  jiasses  into  iiitlamnuitton.  Accordingly  prolonged 
exposufL'  Uv  cold  or  wet  is  apt  to  be  followed  by  catarrh  or 
inttamnuUion  of  more  or  le^s  of  the  respiratory  tract  caus- 
ing bronchitis,  or  of  tho  intestines  causing  diarrhceo.  In 
fact  the  common  summer  diarrhoea  is  far  more  often  due 
to  a  chill  of  (he  surface,  causing  intestinal  catarrh,  than  to 
tho  fruits  eaten  in  that  season  which  are  so  often  blamed 
for  it.  The  best  preventive  is  to  wear,  when  exposed  to 
great  clianges  of  tcm]K^rature,  a  woolen  or  at  least  a  cotton 
garment  over  tlie  trunk  of  the  Body;  linen  is  so  good  a 
conductor  of  heat  that  it  jKirmits  any  change  in  the  exter- 
nal tcni|H'rature  to  a<:^t  almost  at  once  upon  the  surface  of 
the  Body.  After  an  unavoidable  exposure  to  cold  or  wet 
the  thing  to  lie  done  is  of  course  to  maintain  the  cutaneous 
circulatinii;  for  this  purpose  movement  should  be  persisted 
in,  or  a  thick  dry  outer  covering  put  on,  until  warm  and 
dry  clothing  can  be  obtained. 

For  healthy  persons  a  temporary  exposure  to  cold,  as  a 
pluugc  in  a  haih,  is  good,  sitice  in  them  ttie  sudden  contrac- 
tion of  the  cutaneous  arteries  soon  jnisses  olT  and  is  suo- 
cccded  by  a  dilatation  causing  a  warm  healthy  glow  on  the 
Burfnce.  If  the  bather  remain  too  long  in  cold  water,  hov- 
ever^  this  reaction  passes  off  and  is  succeeded  by  a  more 
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persistent  chillineM  of  the  surfat'e,  which  may  eren  last 
all  day.  The  bath  should  therefore  }>e  left  l>efore  this 
occurs,  but  uo  absolute  time  can  be  stated,  as  the  reaction 
18  more  marked  and  la^te  longer  iu  strong  persons,  and  in 
Uiose  uR-d  to  cold  bathing,  than  in  others. 

Vaso-Dilator  Nerves.  We  have  alrejwiv  seen,  in  the  CJise 
of  the  stomuc'h,  one  method  by  which  a  locally  increased 
blood-supply  may  be  brought  about  in  an  organ  while  it  is 
at  work.  Usually,  however,  in  the  Bo<ly  this  ih  numaged 
in  another  way;  by  vaso-dilator  nerves  which  inhiliit  or 
pamlyze.  not  the  vaso-motor  centre,  but  the  intrinsic  nerv- 
ous supply  of  the  Idood-vessels.  The  nerves  of  the  j-kelctal 
muscles  for  example  contain  two  sets  of  fibres:  one  motor 
proper  and  the  other  vaso-dilator.  When  the  muscle  con- 
tracts in  a  reflex  action  or  under  the  influence  of  the  will  both 
iiitB  of  flbres  are  excited;  so  that  when  the  organ  is  set  at 
work  its  arteries  are  simultaneously  dilated  and  more  blood 
flows  through  it.  Quite  a  simihu"  thing  occurn  in  the  sali- 
vary glands.  Their  cells,  which  form  the  saUva.  are  aroused 
to  ."wtivity  by  special  nerve-fibres;  hut  the  gland  nerve  also 
contains  vaso-dilator  Hbre.s  which  8imultniieousiy  cause  a 
dilatation  of  the  gland  artery.  Through  hucIi  arrange- 
ments the  distribution  of  the  blood  in  the  Body  at  any 
moment  is  governed:  so  that  working  parts  shall  have 
abundance  and  other  parts  Icss^  while  at  the  same  time  the 
general  arterial  jiressure  remainx  the  same  on  the  average; 
since  the  expansion  of  u  few  small  local  bninclu-s  but  little 
influences  the  total  periplienil  resistant^  in  the  vascular  sys- 
tem. Moreover,  commonly  when  one  set  of  organs  is  at 
work  with  its  vessels  diluted,  others  are  at  rest  with  their 
arterieti  eoinpaiatively  contnictod,  and  so  a  general  average 
blood-pressure  is  maintained.  Few  persons,  for  example, 
feel  incliru'd  to  do  bndu  work  after  a  heavy  meal:  ft>r  then 
a  great  part  uf  the  bUiod  of  the  whole  Body  is  led  off  into 
the  dilated  vcsscIh  of  tiie  digestive  (»rg!ins,  and  the  bniin 
gets  a  smaller  supply.  On  the  other  hand,  when  the  brain 
is  at  work  its  vessels  are  dilattrd  and  often  the  whole  head 
flushed:  and  so  excitetnent  iw  liard  tlicmght  after  a  meal 
is  very  apt  to  produce  an  attack  of  indigestionj  by  diverting 
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the  blood  from  the  abdominal  organs  where  it  ought  to  be 
at  that  time.  Young  persons,  whose  organs  have  a  super- 
abundance of  energy  enabling  them  to  work  under  unfaTor- 
able  conditions,  are  less  apt  to  siiffer  in  such  ways  than 
their  elders.  One  sees  boys  running  actively  about  after 
eating,  when  older  people  feel  a  desire  to  sit  quiet  and  ru- 
minate—or even  go  to  sleep. 


CHAPTER    XVIII. 

THE  SECRETORY  TISSUES  AND  ORGANS. 


Definition.  In  a  strict  sense  of  the  terms  every  pro- 
avs.s  in  which  substances  are  fle[>arateU  from  tlie  blood, 
whether  they  be  altered  or  unaltered,  is  **' secretory**  and 
every  product  of  such  a  separation  is  a  •*  secretion;"  in  this 
sen^e  secretions  wonid  be  separable  into  three  classes.  (1) 
Liquids  or  gases  transuding  on  free  surfaces  of  the  Body, 
whether  external  or  intvruul;  (2)  the  liquids  {lymph) 
moiflteniog  the  various  tissues  of  the  Body  directly,  filling 
the  interstices  between  them  and  not  containe<l  in  definitely 
limited  caviticjj  ;  (3)  all  the  solid  tissues  of  the  Body  since, 
after  an  early  i>en4>d  of  embryonic  life,  they  are  built  up 
from  materials  derived  from  the  blood.  Secretions  would 
thus  come  to  include  all  constituents  of  the  Body  except 
the  blood  itself  but,  while  it  is  well  to  bear  in  mind  that 
the  whole  Body  is  in  such  a  way  derived  from  the  blood,  in 
practice  the  term  secretion  is  given  a  narrower  connota- 
tion, the  solid  tissues  and  the  lymph  being  excluded;  so  that 
a  secretion  is  a  material  (licjuid  or  giiseous)  derived  from  the 
blood  and  poured  out  on  u  freesurfiu-e,  whether  that  of  the 
general  exterior  or  that  of  an  internal  cavity.  Such  true 
secretions  fall  into  two  classes;  one  in  which  the  product 
is  of  no  further  use  in  the  Bo<!y  and  is  merely  separated 
for  removal,  as  the  urine;  and  one  in  which  the  product  is 
intended  to  be  used,  for  instance  as  a  solvent  in  the  diges- 
tion of  food.  The  former  gi'oup  are  sometimes  diatin- 
giiished  as  exvretioTus  and  the  latter  as  secretions  proper,  but 
there  is  no  real  difference  between  them,  the  organs  and  pro- 
cesses concerned  being  fundamentally  alike  in  each  case.  A 
better  division  is  into  Iranstidata  and  secretions^  a  transnda- 
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tion  being  a  product  which  contains  nothing  which  did 
not  previouflly  pxist  in  the  blood,  and  then  in  such  quantity 
as  might  be  derivable  from  it  by  merely  physieul  processes; 
while  a  eecrotion  in  addition  to  tiiinKtidalion  elements  con- 
tains a  npecifir.  elemenl,  due  to  the  special  physiologicid 
activity  of  the  secretory  organ;  being  cither  something 
which  does  not  cxiHttn  the  hloiHi  at  all  nr  something  which, 
existing  in  the  bluod  in  small  (jiiiintity,  exists  in  tlie  secre- 
tion in  such  a  high  proportion  that  it  must  have  been 
actively  picked  up  and  conveyed  there  by  the  secretory 
tissues  concerned.  For  instance,  the  gjistric  juice  contains 
free  hydrochloric  acid  which  docs  not  exist  in  the  blood; 
and  the  urine  contains  so  much  urea  that  we  must  suppose 
ita  cells  to  have  a  peculiar  power  of  removing  that  body 
from  the  liquids  flowing  near  them.  This  subdinsion  is 
also  justifiable  on  histological  grountb* ;  wherever  there  is 
a  secreting  surface  it  is  covered  with  cells,  hut  these  where 
IrauHudata  arc  formed  (as  ou  the  serous  nicmhnmcs)  are 
mere  flat  scales,  witli  little  or  no  protoplasm  remaining  in 
them,  while  the  colls  which  line  a  true  secreting  organ  are 
cuboidal.  sphericjil,  or  columnar,  and  still  retain,  with 
their  high  physiological  activity,  a  good  deal  of  their  primi- 
tive protopia-sm  in  a  but  slightly  modified  state. 

Organs  of  Secretion.  The  simplc*«t  form  in  which  a 
Bccreting organ  occurs  (.^,  Fig.  88)  is  thatof  aflatmembnine 
provided  with  a  layer  of  cells,  «,  on  one  side  (that  on  which 
the  secretion  is  poured  out)  and  with  a  network  of  capil- 
lary blood-vessels,  c,  on  the  other.  The  dividing  mem- 
brane, A,  is  known  as  the  baseineiit  membrane  and  is  usually 
made  up  of  ihit,  closely  fitting  connective-tissue  corpuscles; 
supporting  it  on  its  deep  side  is  a  layer  of  connective  tissue, 
rf,  ill  which  the  blood-vessels  and  lymphatics  are  supported. 
Such  simple  forms  of  secreting  8urfa«:cs  arc  found  on  the 
serous  membranes  but  are  not  common;  in  most  cases  an 
extended  area  is  required  to  form  the  necessary  amount  of 
secretion,  and  if  this  were  attained  simply  by  spreading  oat 
plane  surfaces,  these  from  their  number  and  ertent  would 
be  hard  to  pack  conveniently  in  the  Body.  Accordingly  in 
most  cases,  the  greater  area  is  attained  by  folding  the 
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Fta.  A— Forma  nf  gUndn.  A.  a  xjiiiplf  nrrrWInff  tturfArp:  a.  lU  i<iilth<>lliiin  ; 
A,  bMnnenr  meinlirane;  c.  (•apillarir<«;  /?.  a  Mmtiir*  tubular  kUimI;  C,  «  w*rrei< 
Ipcaarfaep  invreatted  by  prutru»iuuA;  IC.  a  HinipU'  nu'^nimw  fc^Aixli  /^  ainl  H, 
OomiKiond  Ciibular  gtaoiU;  F.  a  cjjm|KiuD«l  nu-citKi«w  kIaoiI  In  all  Imt  A  ntid  /f 
Ite  eapflteries  arc  oinHt4Hl  for  the  itakr  of  cleftnieai).  //.  Imlf  oC  a  bistUy  ilcvel 
oped  nHsemoM  gland  ;rf  Its  main  duct. 
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secreting  snrfarc  in  various  ways  so  that  a  large  surface  can 
be  piicked  in  a  smaill  bulk,  just  as  a  Chinese  lantern  when 
shut  up  occupies  much  less  space  than  wlit-n  extended, 
althougli  itj*  actual  surface  renuiin.s  of  the  same  extent.  In 
a  few  oases  the  folding  takes  the  form  of  protrusions  into 
the  cavity  of  the  secreting  organ  as  indicated  at  C,  Fig.  88. 
and  found  on  ?ome  synovial  membranes;  but  much  more 
commonly  the  surface  extension  is  attained  in  another  way, 
the  basement  membrane,  covered  by  its  epithelium,  being 
pitted  in  or  involuted  as  at  B.  Such  a  secreting  organ  is 
known  as  a  gland. 

Forma  of  Glanda.  In  Komc  cases  the  surface  involu- 
tions are  uniform  in  diiuncter,  or  nearly  so,  throughout  (B^ 
Fig.  88).  Such  glands  are  known  as  tubular;  examples 
are  found  in  the  lining  coat  of  the  stomach  (Fig.  97*);al60 
in  the  skin  (Fig.  I20f),  where  they  form  the  stceat -glands. 
In  other  ca*es  the  involution  swells  out  at  its  deeper  end  and 
becomes  more  or  less  sacculated  (E) ;  stich  glands  are  racemose 
or  acinous.  The  small  glands  which  form  the  oily  matter 
poured  out  on  the  hairs  ( Fig.  119J)  are  of  this  type.  In  l>oth 
kiuds  the  lining  cells  near  the  deeper  end  are  commonly 
different  in  character  from  the  rest;  and  around  that  part 
of  the  gland  the  hlood-vesHelt;  form  a  closer  network. 
These  deejicr  cells  form  the  true  secreting  element,s  of  the 
gland,  mid  the  passage,  lined  with  differout  cells,  leading 
from  them  to  the  surface,  and  serving  merely  to  carry  off 
the  secretion,  is  known  as  the  gland  durf.  When  the  duct 
is  undivided  the  glimd  is  smple;  but  when,  as  is  more 
usual,  it  is  branched  and  em-h  branch  has  a  true  secreting 
part  at  it^  end.  we  get  a  compound  gland,  tubular  (f?)  or 
racemose  (Fy  //)  as  the  case  may  be.  In  such  cases  the 
main  duct,  into  which  the  rest  open,  is  often  nf  considera- 
ble length,  so  that  the  secretion  is  poured  out  at  some  dis- 
tance from  the  main  mass  of  the  gland. 

A  fully  formed  gland,  H,  thns  comes  to  be  a  complex 
structure,  cotisisling  primarily  of  a  duct,  c,  ductules,  rfrf. 
and  setu-eting  recesses,  ee.  The  ducts  and  ductules  are 
lined  with  epithelium  which  is  merely  protective  and  differs 
iu  character  from  the  secreting  epithelium  which  lines  the 
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deepest  parts.  Sarrouading  each  subdivision  and  bind- 
ing It  to  itfi  neighbors  is  the  gland  stroma  formed  of  con- 
nective tissue,  a  laver  of  which  also  comnioiily  envelops 
the  whole  gland,  as  its  rapMule,  Commonly  on  looking  at 
the  surface  of  a  large  gland  it  is  seen  to  be  separated  by 
titions  of  its  stroma,  coarser  than  the  rej*t,into  lobes^  each 
which  answers  to  a  main  division  of  the  primary  duct; 
and  the  lobes  are  often  similarly  divided  into  smaller  parts 
or  lobules.  In  the  connective  tissne  between  the  lol>es  and 
lobnles  blood-vessels  penetrate,  to  end  in  fine  capillary 
vessels  around  the  terminal  recesses.  They  never  pene- 
trate the  basement  membrane.  Lymphatics  and  nerves 
take  a  similar  course;  but  there  is  reason  to  believe  the 
nerve-fibres  penetrate  the  basement  membrane  and  be- 
come directly  united  with  the  secreting  cells. 

The  Physical  Processes  in  Secretion.  From  the  struc- 
ture of  a  gland  it  in  dear  that  al  I  matters*  derived  from  the 
blood  and  poured  into  its  cavity,  must  pass  not  only  through 
the  walls  of  the  capillary  blood-vessels,  bnt  also,  by  filtra- 
tion or  dialysis,  through  the  basement  membrane  and  the 
lining  epithelium.  By  filtration  is  meant  the  pu.-ssage  of  a 
fluid  under  pressure  through  the  coarser  mechanical  pores 
of  a  membrane,  as  in  the  ordiuaiy  filtering  processes  of  a 
chemioal  laboratory;  and  the  higher  the  pressure  on  the 
liquid  to  be  lilteretl  the  greater  the  amount  which,  other 
things  being  equal,  will  pass  through  in  a  given  time. 
Since  in  the  living  Body  the  liquid  pressure  in  the  blood 
capillaries  is  nearly  always  higher  than  that  outside  them, 
filtration  is  apt  to  take  j)lace  everywhere  to  a  greater  or  less 
extent,  and  will  be  increased  in  amount  in  any  region  by 
circumstances  raising  blood-pressnre  there,  and  diminished 
by  those  lowering  it.  To  a  certain  extent  also  Uie  nature 
of  the  liquid  filtered  has  an  influence.  True  solutions,  as 
those  of  salt  in  water,  pass  through  unchanged;  but  solu- 
tions containing  fiubstancea  such  as  boiled  starch  or  raw 
egg  albumen,  which  swell  up  greatly  in  water  rather  than 
trulv  dissolve,  are  altered  by  filtration;  the  fillrat*^  contain- 
mg  less  of  the  imperfectly  dissolved  body  than  the  unfil- 
tered  liquid.     The  higher  the  pressure  the  greater  the  pro- 
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portion  of  gnch  siibsUiiices  ■which  gets  tlirough:  and  If 
the  pressure  is  slight  the  water  or  other  solvent  may  alone 
pass,  leaving  all  the  rest  hehintl  on  the  filter.  Under 
uiodemte  pre««ure  the  blood  may  thuK  lose  by  nUratiuu 
Bueh  bodies  only  jis  water  and  salineH;  while  an  inorea«e  of 
arterial  proHsure  hulv  Jtvid  to  the  passage  of  albumen  and 
fibrinogen.  Uii(h'r  healthy  conditions,  for  example,  the  urine 
cont;iins  nej  ulbiimen,  but  anything  incrc4t'dng  the  capilhiry 
pressure  in  the  kidiioys  will  cause  it  to  appear.  Dialysis 
or  oftmosis  hiw  alroa^lybeon  eoi»sidei-ed  (p.  42);  by  it  sub- 
stances pass  througti  the  intermolecular  pores  of  a  mem- 
brane independently  of  the  ]>re88ure  on  either  side,  and  for 
its  occurrence  two  liquids  of  different  chemical  constitution 
are  required,  one  on  each  side  of  tlic  membrane.  At  least 
if  diffusion  takes  ]>laee,  as  is  probable,  between  two  exactly 
similar  solutions,  the  amount  aud  character  of  the  sub- 
stAneea  passing  opposite  ways  in  a  giveii  time  are  exactly 
equal,  so  that  no  change  is  produced  by  the  dialysis;  which 
practically  amounts  to  the  same  thing  as  if  none  oocurrcd. 
Wlien  a  solution  is  placed  on  one  side  of  a  membrane  allow- 
ing of  dialy8i8,and  pure  water  on  the  other,  it  is  found  that 
for  every  molecule  of  the  dissolved  body  that  passes  one 
way  a  definite  amount  of  water,  called  the  endosmotic 
equivalent  of  that  botly,  passes  in  the  opi>ogite  direction. 
Crystalline  bodies  as  a  rule  (lupmoglobin  is  an  exception) 
have  a  low  endosmotiu  equivalent  or  are  readily  dialyzabic; 
•while  colloids  such  as  gum  and  proteids,  have  a  very  high 
one,  so  that  to  get.  by  dialysis,  a  small  amount  of  albumen 
through  a  menibrane,  a  practically  infinite  amountof  water 
must  pass  the  other  way.  Accordingly,  if  we  find  such 
bodies  in  a  secretion  we  cannot  suppose  that  they  have  been 
derived  from  the  blood  by  osmosis. 

The  Chemical  Processes  of  Secretion,  As  above  point- 
ed out  certain  secretions,  called  tnmsudata.  seem  to  be  pro- 
ducts of  filtration  and  dialysis  alone,  containing  only  such 
substances  as  those  which  are  found  in  the  blood  pla^mn. 
more  or  less  altered  in  relative  quantity  by  the  ease  or  ditli- 
culty  with  which  they  severally  passed  through  the  layers 
met  with  on  their  way  to  the  surface.     But  in  many  cases 
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the  compofiitiou  of  a  secretion  cannot  be  accounted  for  in 
ibis  way;  it  oontuins  some  »p«cijic  elefnerUf  either  a  substance 
which  docs  not  exist  in  ilut  blood  ut  all  and  must  therefore 
have  been  added  by  the  secreting  membrane,  or  some 
body  which,  altliough  exixling  in  the  blood,  d<M*s  bo  in  such 
minute  proportion  compared  with  that  in  which  it  is  found 
in  the  secretion,  that  some  s|>ecial  activity  of  the  secreting 
cells  IS  indicated;  some  attinity  in  tliem  for  these  bodies  by 
which  they  actively  pick  them  up. 

Kach  living  cell,  we  hare  seen,  is  the  scat  of  constant 
chemical  activity,  taking  up  materials  from  the  medium 
al>out  it,  transforming  and  utilizing  them,  and  sooner  or 
later  restoring  tlieir  elements,  differently  combined,  to  the 
medium  again.  By  such  mcams  it  builds  up  and  maintains 
its  living  substance,  and  obtains  energy  to  carry  on  its  daily 
work.  While  this  is  tnie  of  all  cells  in  the  Body,  we  tind 
certain  groups  in  which  chemioal  metabolism  is  the  promi- 
nent fact;  cells. which  are  specialized  for  this  pUrpoBO  just 
as  muscular  tibrc  is  for  contraction  or  a  nerve-fibre  for  con- 
duction, and  certain  of  these  prominently  mtf/rtAo/ic  tissues, 
exist  in  the  true  glands  and  pnxluce  or  collect  the  sj>ecific 
elements  of  their  secretions.  Their  chemical  processes  are 
no  doubt  primarily  directed  to  their  own  nutritive  mainte- 
nance; they  live  primarily  for  themaelve^,  but  their  nutritive 
proceases  are  such  that  the  boilies  formed  in  them  and  sent 
into  the  secretion  are  such  a^  to  be  useful  to  tlie  rest  of  the 
cells  of  the  community;  or  the  bodies  which  they  H[>ecially 
collect,  and  in  a  certain  ftcnse  feed  tm,  are  those  the  re- 
moval ot  which  from  thu  bluod  is  essential  for  the  general 
good.  Their  individual  nutritive  peculiarities  are  utilized 
for  the  welfare  of  the  whole  Body. 

The  Mode  of  Activity  of  Secretory  Cells.  If  wo  con- 
fiidei  the  inode.-?  «>f  lu-tivity  of  living  c(?lls  lu  genoial,  it  be- 
comes clear  that  secretory  cells  may  produce  the  specific 
element  of  a  ticctetion  m  eitlier  nf  two  ways.  They  may, 
MS  a  by-result  of  their  living  play  of  forces,  produce  chemi- 
cal changes  ni  the  surrounding  medium;  or  they  may  build 
Qp  certain  substiinces  in  themselves  and  then  set  them  free 
as  specific  elements.     Yeast,  for  example,  in  a  saochariae 
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solution  causea  the  rearrangement  into  carbon  dioxide^ 
alcohol,  glycerine  and  succinic  acid,  of  many  atoms  of  car- 
bon, hydrogen  and  oxygen  which  previously  existed  ^  sugar; 
and  wliich  during  the  metamorphosis  were  probably  not 
parsed  through  the  living  cell.  Uow  the  latter  acta  wc  do 
not  know  with  certainty,  but  moat  likely  by  picking  certain 
atoms  out  of  the  sugar  molecule,  and  leaving  the  rest  to 
fall  dawn  into  simpler  compounds.  On  theother  hand,  we 
find  cells  forming  and  storing  up  in  themselves  large  quan- 
tities of  substances,  which  they  afterwards  liberate;  starch, 
for  instance,  being  formed  and  laid  by  in  many  fruit- 
cells,  and  afterwards  rendered  soluble  and  passed  out  to 
nourish  the  young  plant. 

Gliind-cells  might  a  priori  give  rise  to  the  specific  ele- 
ments of  secretions  in  either  of  these  ways  and  we  have  to 
seek  in  which  manner  they  work.  Do  they  simply  act 
as  ferments  (however  that  is)  upon  the  surrounding 
medium;  or  do  they  form  the  special  bodies  which  charac- 
terize their  secretion,  first  within  their  own  substance,  and 
then  liberate  them,  either  disintegrating  themselves  or 
not  at  the  same  time?  At  present  there  is  a  large  and  an 
increasing  mass  of  evidence  in  favor  of  the  second  view. 
There  is,  no  doubt,  some  reason  to  believe  that  every  living 
cell  can  act  more  or  less  as  a  ferment  upon  certain  solu- 
tions should  they  come  into  contact  with  it.  Not  always, 
of  course,  as  an  alcoholic  ferment,  though  even  as  regards 
that  one  fermentative  power  it  seems  very  generally  pos- 
Fessed  by  vegetable  cells,  and  there  is  some  evidence  that 
alcohol  is  normally  produced  in  small  amount  (and  presum- 
ably by  the  fermentation  of  sugar)  under  the  influence  of 
certiLin  of  the  living  tif^sues  of  the  Humat»  Body.  As  re- 
gards distinctively  Bcci*etory  cells,  however,  the  evidence  is 
all  the  other  way,  and  in  many  cases  we  can  see  the  specific 
element  collecting  in  the  ghmd-cells  before  it  is  set  ira^  in 
the  secretion.  For  example,  in  the  oil-glands  of  the  skin 
(Chap.  XXVII.)  wofind  the  secreting  cells,  at  first  granular, 
nucleated  and  protoplasmic,  gradually  undergoing  changes 
by  which  their  protoplasm  disappears  and  is  replaced  by 
oil-droplets,  until  finally  the  whole  cell  falls  to  bits  and  its 
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detritus  fornix  the  secretion:  the  cells  being  replaced  by  new 
ones  ROUBtantly  formed  within  the  gland.  In  ^iich  ea^« 
the  secretion  is  the  ultimate  product  of  the  cell  life;  the 
result  of  degenerative  changes  of  old  age  occurring  in  it. 

In  other  ciwos,  however,  the  liborulion  of  the  sjictiiHc 
element  is  not  attended  with  the  destruction  of  the  secret- 
ing cell;  as  an  example  we  may  take  the  pancreas,  which 
is  a  large  gland  lying  in  the  alxiomen  and  forming  a  secre- 
tion used  in  digestion.  Among  others,  this  secretion  pos- 
sesses the  power,  under  certain  conditions,  of  dissolving 
proteids  and  converting  them  into  dialyzable  peptones 
(p,  11).  This  it  owes  to  a  specific  element  known  as  tryp- 
sin, the  formation  of  which  within  the  gland -cells  can  be 
traced  with  the  microscope. 

The  pancreas,  like  the  majority  of  the  glands  connected 
with  the  alimentary  canal,  has  an  intermittent  activity; 
determined  by  the  presence  or  absence  of  food  in  various 
parts  of  the  digestive  tract.  If  the  organ  be  taken  from  a 
recently  killed  dog  which  has  fasted  thirty  hours  and,  after 
proper  preparation,  be  stained  with  carmine  and  examined 
microscopically,  we  get  specimens  of  what  we  may  call  the 
**  resting  gland  " — a  gland  which  ha.s  not  been  secreting  for 
some  time.  In  these  it  will  be  seen  that  the  cells  lining  the 
secreting  recesses  present  two  very  distinct  zones;  an  outer 
next  the  b^isement  membrane  which  comfiinea  with  the 
coloring  matter  and  is  not  gi'anuhir,  and  an  inner  which  is 
granular  and  does  not  pick  up  the  carmine.  The  griiu- 
ules  we  shall  find  to  be  indications  of  the  presence  of  a 
trypsin-yielding  substanc<',  formed  in  the  cells. 

If  another  dog  bo  kept  fasting  until  he  has  a  good  appe- 
tite and  be  then  allowed  to  eat  as  much  meat  as  he  will,  he 
will  commonly  take  so  much  that  the  stomach  will  only  be 
emptied  at  the  end  of  about  twenty  hours.  This  period 
may,  so  far  an  the  pancreas  is  concerned,  be  divided  into 
two.  From  the  time  the  food  enters  the  stomach  and  on 
for  about  ten  hours,  the  gland  secretes  abundantly;  after 
that  the  pecretion  rlwindlcs,  and  by  the  end  of  the  second 
ten  hours  has  nearly  ceased.  We  have,  then,  a  time  during 
which  the  pancreas  is  working  hard,  followed  by  a  period 
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in  which  its  activity  is  very  little,  hnt  during  which  it  is 
abundantly  pnjiplied  with  fcK)d  mnteriuls.  The  |>ancreaa 
taken  from  an  animal  at  the  end  of  the  first  period  and 
prepared  for  microscopic  examination  will  be  found  dif- 
ferent from  that  taken  from  a  dog  killed  at  the  eud  of  the 
second  digestion  ]>eriod,  and  also  from  the  resting  gland. 
Towards  the  end  of  the  period  of  active  work,  the  gland-ivlls 
are  diminiehed  in  size  and  the  proportions  of  the  granular 
and  non-gninular  zones  are  quite  altered.  The  latter  now 
occupies  moat  of  the  cell,  while  the  granular  non-atiiining 
inner  zone  is  greatly  diminished.  During  the  secretion 
there  is,  therefore,  a  growth  of  the  non-granular  and  a  de- 
struction of  the  granular  zone;  and  the  latter  proec?*  rather 
exceeding  the  former,  the  whole  secreting  cell  iii  diminished 
in  size.  During  the  second  digestive  period,  when  secre- 
tion is  languid,  exactly  a  reverse  process  takes  place.  The 
cells  increase  in  size  so  as  to  become  larger  than  those  of 
the  resting  gland;  and  tliis  growth  is  almost  entirely  due 
to  the  granular  zone  which  now  occupies  most  of  the  cell. 

These  facts  suggest  that  during  secretion  the  granular 
part  of  the  cells  is  used  up:  Ijiit  that,  simultaiieouslv,  the 
deeper  non-granular  zone,  being  formed  from  materials 
yielded  by  the  blood,  gradually  gives  rise  to  the  granular. 
During"  active  secretion  the  breaking  down  of  the  lat- 
ter to  yield  the  spetrific  elements  occurs  fa-ster  than  its  re- 
generation; in  a  later  period,  however,  when  the  secretion 
is  ceosingr  the  whole  cell  grows  and,  especially,  the  granular 
zone  is  formed  faster  tlian  it  is  disintegrated;  hence  the 
great  increase  of  that  part  of  the  cell.  If  this  be  so.  then 
we  ought  to  find  some  relationship  between  the  diges- 
tive activity  of  an  infusion  or  extract  of  the  gland  and  the 
size  of  tiie  granular  zones  of  the  cells;  and  it  has  been 
shown  that  such  exists;  the  quantity  of  tri'psin  which  can 
bo  obtained  from  a  pancreas  being  proportionate  to  the 
size  of  that  portion  of  its  cells. 

The  trypsin,  however,  does  not  exist  in  the  cells  ready 
formed,  but  only  a  body  whieh  yield.s  it  under  certain  cir- 
cumstances, and  called  z^fjnfuji'n. 

If  a  perfectly  fresh  pancreas  bo  divided  into  halves  and 
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one  portion  immediately  minced  and  extracted  with  glyce- 
rine, while  the  other  is  laid  aside  for  twenty-four  hours  in 
a  warm  place  and  then  similarly  treated,  it  will  be  found 
that  the  firet  glycerine  extract  has  no  power  of  digesting 
proteida,  while  the  second  is  very  active.  In  other  words 
the  fresh  gluud  does  not  contain  trypsin,  hut  only  some- 
thing which  yields  it  under  some  conditions;  among 
others,  on  being  kept  The  inactive  glycerine  extract  of 
the  fresh  gland  is  however  rich  in  zymogen:  for  if  a  little 
acetic  acid  be  added  to  it,  trypsin  is  formed  and  the  extract 
becomes  powerfully  digestive. 

We  may  tlkeu  sum  up  the  life  of  pancreas  cell  in  this 
way.  It  grows  by  materials  derived  from  the  blood  and 
first  laid  down  in  the  uon-grauulur  zoue.  This  latter,  in 
the  ordinary  course  of  the  cell-life,,  gives  rise  to  the  granu- 
lar zone;  and  in  this  is  a  sture  of  zymogen  produced  by 
the  nutritive  metabolisms  of  the  cell.  When  the  gland 
secretes,  the  zymogen  is  converted  into  trypsin  and  set  free 
in  the  secretion;  but  in  the  resting  gland  this  transforma- 
tion  does  not  occur.  During  secretory  activity  therefore 
the  chemical  processes  taking  phicc  in  the  cell,  are  difTereut 
from  those  at  other  periods;  and  we  have  next  to  citusider 
bow  this  change  in  the  mode  of  life  of  the  cells  is  brought 
about. 

Influenoe  of  the  ITervoua  System  upon  Secretion. 
When  the  gland  is  active  it  is  fuller  of  bloo<l  than  when  at 
rest:  its  arteries  are  dilated  and  its  capillaries  gorged  so 
that  it  gets  a  brighter  pink  color;  this  extra  blood-supply 
might  be  the  primary  cause  of  the  altered  metAbolism. 
A^in,  the  activity  of  the  pancreas  ia  under  the  intluonc*e 
of  the  nervous  system,  as  evinced  not  only  by  the  reflex 
secretion  called  forth  when  food  enters  the  stomai^h,  but 
also  by  the  fact  that  electrical  stimulation  of  the  medulla 
oblongata  will  cause  the  gland  to  secrete.  The  nervous 
system  may,  however,  only  act  through  the  nerves  governing 
the  calibre  of  the  gland  arteries,  and  so  but  indirectly  on 
the  secreting  cells;  while  on  the  other  hand,  it  is  {)o?8ible 
that  nerve-fibres  act  directly  upon  the  gland-cells  and,  con- 
trolling their  uutritive  processes,  govern  the  production  of 
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the  trypsin.  To  decide  betveen  the  relative  importaace  of 
these  possible  agencies  we  must  pass  to  the  consideration  of 
other  glands;  since  tlie  question  can  only  be  decided  by 
experiment  upon  the  lower  animals,  and  the  position  of 
the  pancreas  and  the  difficulty  of  getting  at  its  nerves  with- 
out such  Bcvere  operations  as  npset  the  physiological  condi- 
tion of  the  animal,  furnish  obstacles  to  its  study  which 
hare  not  yet  been  overcome. 

In  certain  other  glands,  however,  we  find  conclnsive  evi- 
dence of  a  direct  action  of  nerve-fibres  n{K>n  the  secreting 
elements.  If  the  sciatic  nerve  of  a  cat  be  stimulated  elec- 
trically the  balls  of  its  feet  will  sweat.  Under  ordinary 
circumstances  they  become  at  the  same  time  red  and  full 
of  blood;  but  that  this  congestion  is  a  factor  of  subsidiary 
importance  as  regards  secretion  is  proved  by  the  facts  that 
stimnlation  of  the  nerve  is  still  able  to  excite  the  gland- 
cells  and  caase  sweating  in  a  limb  which  has  been  ampu- 
tated ten  or  fifteen  minutes  (and  in  which  therefore  no  cir- 
culatory changes  can  occur)  and  also  by  the  cold  sweats, 
with  a  pallid  skin,  of  phthisis  and  the  death  agony.  It  is, 
however,  with  reference  to  the  submaxillary  aud  parotid 
salivary  glands  that  our  information  is  most  precise. 

When  the  mouth  is  empty  and  the  jaws  at  rest  the  sali- 
vary secretion  is  comparatively  small:  but  a  supid  substance 
placed  on  tlie  tongue  will  cause  a  copious  flow.  The  phe- 
nomenon is  closely  comparable  to  the  production  of  a  reflex 
muscular  contraction.  A  stimulus  acting  upon  an  irritable 
tissue  excites  through  it  certain  afferent  nerve-fibres;  these 
excite  a  nerve-centre,  which  in  turn  stimulates  elTerent 
fibres;  going  to  a  muscle  in  the  one  case,  to  a  gland  in  the 
other.  It  will  be  useful  to  consider  again  for  a  moment 
what  occurs  in  the  case  of  the  muscle,  taking  account  only 
of  the  efferent  fibres  and  the  parts  they  act  npon. 

When  a  muscle  in  the  Body  is  ma<le  to  contract  refiexly, 
through  its  nerve,  two  events  occur  in  it.  One  is  the 
shortening  of  the  muscular  fibres;  the  other  is  the  dilatii- 
tion  of  the  muscular  arteries;  every  muscular  nerve  con- 
tains two  sets  of  fibres,  one  motor  and  one  vaso-dilator, 
and  normally  both  act  together.     In  this  cjise.  however. 
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clear  that  the  activities  of  Iwth,  thongh  correlated,  are 
es.«cntially  iudepeudent.  The  contraction  is  not  due  to  the 
greater  blood-flow  for,  not  only  cun  an  excised  muscle  en- 
tirely deprived  of  blomJ,  be  made  to  contract  by  Htimuiating 
ita  nerve*,  but  in  an  animal  to  which  a  small  doee  of  curari 
— the  arrow  poison  of  certain  South  American  Indians — hns 
been  given,  stimulation  of  the  nerve  will  cause  the  vascu- 
lar dilatation  but  no  muscular  contraction:  the  curari  par- 
alyzing the  motor  libres,  but,  unless  in  large  doses,  leaving 
the  vaso-dilatora  intact.  The  muscular  fibres  themselves 
are  quite  unacted  upon  by  the  poison,  as  evinced  by  their 
ready  contraction  when  directly  Btimulated  by  an  electric 
shock. 

Now  let  us  return  to  the  Kalivary  glandn  and  see  how  far 
the  facts  are  comparable.  The  main  ul*v\q  of  the  submax- 
illary gland  is  known  as  the  chorda  tympnui.  If  it  be  di- 
vided in  a  narcotized  dog,  and  a  tube  placed  in  the  gland- 
duct,  no  saliva  will  bo  found  to  flow.  But  on  stimulating 
the  peripheral  end  of  the  nerve  (that  end  ^till  connected 
with  the  gland)  an  abundant  secretion  takes  place.  At 
the  aame  time  there  is  a  great  dilatation  of  the  arteries  of 
the  organ,  much  more  blood  than  before  flowing  through 
it  in  a  given  time:  the  rhorda  obviously  then  contains  vaso- 
dilator fibres.  Now  in  this  ca*ie  it  might  very  well  be  that 
the  process  was  ditTerent  from  that  in  a  muscle.  It  is  con- 
ceivable that  the  secretion  may  be  but  a  filtmtion  due  to 
increased  pressure  in  the  gland  capillaries,  consctiuent 
on  dilatation  of  the  arteries  supplying  them.  If  a  greater 
filtration  Into  the  lymph  spaces  of  the  gland  took  place,  this 
li(|uid  might  then  merely  ooze  on  thrt>ugh  the  secreting  cells 
into  the  commencing  ducts  and,  as  it  passed  through,  dis- 
solve out  and  carry  on  from  the  cells  the  specific  organic 
elements  of  the  secretion.  Of  these,  in  the  submaxillary 
of  the  dog  at  least,  mucin  is  the  most  important  and 
abundant.  That,  however,  the  process  is  quite  different, 
and  that  there  are  in  the  gland  true  secretory  fibres  in  ad- 
dition to  the  vaso-dilutor,  just  as  in  the  muscle  there  are 
true  motor  fibres,  is  proved  by  other  experiments. 

If  the  flow  of  liquid  from  the  excited  gland  were  merely 
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the  outcome  of  a  filtration  dependent  on  increased  blood- 
pressure  in  it,  then  it  is  clear  that  the  pressure  of  the 
secretion  in  tlie  duet  could  never  rise  above  the  pressure  in 
the  blood-vessels  of  the  gland.  Now  it  \a  found,  not  onlr 
that  the  gland  can  be  made  to  secrete  in  a  recently  decapi- 
tated animal,  in  which  of  course  there  is  no  blood-pressure, 
but  that,  when  the  circulation  is  goiug  on,  the  pressure  of 
the  secretion  in  the  duct  eon  rise  fur  beyond  that  in  the 
gland  arteries.  Obvionslj,  then,  the  secretion  is  no  qae»- 
tion  of  mere  filtration,  since  a  liquid  cannot  filter  against  u 
higher  pressure.  Finally,  the  pnwf  that  the  vascular  dila- 
tation is  quite  a  subsidiary  phenumeuon  has  been  com- 
pleted by  showing  that  we  can  produce  all  the  increased 
blood-flow  through  the  gland  without  getting  any  secretion 
— that  just  as  in  a  muscle  nerve  we  can.  by  curari,  paralyze 
the  motor  fibres  and  leave  the  vaso-dilators  intact,  so  we 
can  by  atropin,  the  active  principle  of  deadly  night^shude. 
get  Kiniilar  phenomena  in  the  gland.  In  an  afrnpizcd 
animal  Htimula.ti«n  of  the  chorda  produces  vascular  dila- 
tation but  not  a  dro])  itf  seiTetion,  Bringing  l>lood  to 
the  cells  abundantly,  will  not  make  them  drink;  we  roust 
seek  something  more  in  the  chorda  than  the  vaso-<lilator 
fibres — some  proper  secretory  fibres;  that  the  poison  acts 
upon  them  and  not  ujwn  the  gland-cells,  is  shown,  as  in 
the  muscle,  by  the  fact  that  the  cells  still  are  capable  of 
activity  when  stimulated  otherwise  than  through  the 
chorda  tympani.  For  example,  by  stimulation  of  the  s}Tn- 
pathctic  fibres  going  to  the  gland. 

So  fiu"  then  wc  seem  to  have  good  evidence  of  a  direct 
action  of  nerve-fibres  upon  the  gland-cells.  But  even  that 
is  not  the  wh*)le  matter.  It  is  extremely  probable,  if  not 
certain,  that  there  are  two  sets  of  secretor)*  fibres  in  the 
gland-nerves:  a  set  which  so  acts  npon  the  cells  as  to  make 
them  pass  on  more  abuiidantly  the  transudation  elements 
of  the  secretion  (the  water  and  mineral  salts),  and  another, 
quite  different,  which  governs  the  chemical  transformations 
of  the  cells  so  as  to  make  them  produce  mucin  from  matters 
previously  stored  in  them,  in  a  way  comiianible  to  the  pro- 
duction of  trj'psin  frotn  zymogen  in  the  active  pancreas. 
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Those  latter  fibres  muy  be  called  ''trophic,"  since  they 
diriH'tly  control  the  cell  metabolism:  while  the  former  may 
be  called  "'transutlatory'"  fibres.  Some  of  the  evidence 
h  leads  to  this  conclusion  is  a  little  complex,  but  it  is 
irth  while  to  consider  it  briefly.  In  the  first  place,  on 
imulatiou  of  the  chorda  of  nn  unexhausted  glan<l  (that  is 
a  gland  not  over-fatigued  by  previous  work)  the  following 
]>oints  can  be  noted: — 

With  increasing  strength  of  the  stimulus  the  quantity  of 
the  secretion,  that  is  of  the  water  poured  out  in  a  unit 
of  time,  increases;  at  the  same  time  the  mineral  salts  also 
increase,  but  more  rapidly,  so  that  their  percentage  in  a 
rapidly  formed  seci*etion  is  greater  than  in  a  more  slowly 
formetl,  up  to  a  certiiin  limit.  The  percentage  of  organic 
constituents  of  the  s<!cretion  also  increases  up  to  a  limit; 
but  soon  ceases  to  rise,  or  even  falls  again,  while  the  water 
and  salts  still  increase.  This  of  course  is  readily  intelligible; 
since  the  water  and  salts  can  be  derived  continually  from 
the  blood,  while  the  specific  elements,  coming  from  the 
gland-cells,  may  be  soon  exhausted;  and  so  far  the  experi- 
ment gives  no  evidence  of  t)ie  existence  of  distinct  nerre- 
fibres  for  the  salts  and  water,  and  for  the  gpecific  elements: 
all  vary  together  with  the  strength  of  the  stimulus  applied 
to  the  nerve.  But  under  slightly  different  circumstances 
their  quantities  do  not  run  pandleL  The  proportion  of 
8]>ecific  elements  in  the  secretion  is  largely  dependent  on 
whether  the  gland  has  been  previously  excited  or  not. 
Prior  stimulation,  not  carried  on  of  course  to  exhaustion, 
largely  increases  the  jKjrcentage  of  organic  matters  in  the 
secretion  produced  by  a  subsequent  stimulation;  but  has  no 
effect  whatever  on  the  quantity  of  water  or  salts.  These 
are  governed  entirely  by  the  strength  of  the  second  stimu- 
lation. Here,  then,  we  find  that  under  similar  circumstances 
the  transudatory  and  specific  elements  of  the  secretion  do 
not  vary  together;  and  are  therefore  probably  dependent 
upon  different  exciting  causes.  And  the  facets  might  lead 
us  to  sus(>ect  that  there  are  in  the  chorda,  bcHides  the  vaso- 
dilator, two  other  sets  of  fibres:  one  governing  the  salts 
and  water,  and  the  other  the  specific  elements  of  the  secre- 
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tioQ.  The  eTidence  is,  perhaps,  not  r^uite  conclusire,  hut 
experiments  upon  tlie  parotid  gland  of  the  dog  pat  the 
matter  beyond  a  doubt. 

The  Bubmuxillary  gluud  received  fibres  from  the  sympa- 
thetic Byfitem.  aa  well  as  the  chorda  itjmpfini  from  the 
cerebro-spinal.  Exritiititm  of  tlie  pymjmlhetic  fibrescausea 
the  gland  to  secrote,  but  the  .sabva  pmireil  out  is  differ- 
ent from  that  followiug  ohorda  Htimulution,  which  ia 
in  the  dog  abundant  and  comparatively  poor  in  organic 
constituents,  and  accompanied  by  vascular  dilatation:  while 
the  ''sympathetic  ealiva/'  as  it  is  called,  is  less  abundant, 
very  rich  in  mucin,  and  accom})anied  with  constriction  of 
the  gland  arteries.  According  to  the  above  view  we 
might  f^upposB  that  the  chorda  contains  many  transudii- 
tory  and  few  trojjliic  fibres,  and  the  sympathetic  many 
trophic  and  few  tnuisudatory.  It  might.,  however,  well  be 
objected  that  the  greater  richness  in  organic  bodies  of  the 
sympathetic  saliva  wa?  really  duo  to  the  small  quantity  of 
blood  reaching  the  gland,  when  that  nerve  was  stimulated. 
This  might  alter  the  nutritive  phenomena  of  the  cells  and 
cause  them  to  form  mucin  in  unusual  abundance,  in  which 
case  the  trophic  influence  of  the  nerve  would  be  only  in- 
direct. Experiments  on  the  parotid  preclude  this  explan- 
ation. That  gland  like  the  submaxillary  gets  nerre-fibres 
from  two  sources:  a  cerebral  and  a  sympathetic.  The  latter 
enter  the  gland  along  its  artery,  while  the  former,  origin- 
ating from  the  glosso-phar^'ngeal,  run  in  a  roundabout 
course  to  the  gland.  Stimulation  of  the  cerebral  fibres 
causes  an  abundant  secretion,  rich  in  water  and  salts,  but 
with  hardly  any  organic  constituents.  At  the  same  time  \i 
produces  dilatation  of  the  gland  arteries.  Stimulation  i»f  thb 
sympathetic  causes  contraction  of  the  parotid  gland  arteries 
and  no  secretion  at  all.  Nevertheless  it  causes  great 
changes  in  the  gland-cells.  If  it  be  first  stimulated  for  a 
while  and  then  the  cerebral  gland-nerve,  the  resulting 
secretion  may  be  ten  times  as  rich  in  organic  bodies  as  that 
obtained  withont  previous  stimulation  of  the  sympathetic; 
and  a  similar  phenomenon  is  observed  if  the  two  nerves  be 
stimulated  simultaneously.     So  that  the  sympathetio  nervei 
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though  nimble  of  itself  to  cause  a  Becretion,  brings  about 
great  chemical  changes  iu  the  gland-cclk.  It  is  a  dit^tinct 
trophic  nerve.  This  conclaeion  is  confirmed  by  histology. 
Sectiou  of  the  glaud  after  prolonged  stimulation  of  the  sym- 
patfaetic  show  its  ccUi^  to  be  quite  altered  iu  appearance, 
and  in  their  tendency  to  combine  with  carmine,  when  com- 
pared either  with  those  of  the  resting  glimd  or  of  the  gland 
which  has  been  made  to  secrete  by  stimulating  its  glosso- 
pharyngeal branch  alone. 

We  have  still  to  meet  the  objection  that  the  s}Tnpathetio 
fibres  may  be  only  indirectly  trophic,  governing  the  meta- 
bolism of  the  cells  through  the  blood-vessels.  If  this  be 
so,  cutting  off  or  diminishing  the  blooil-supply  of  the 
gland,  in  any  way,  ought  to  have  the  same  result  as  stimula- 
tion of  its  sympathetic  fibres.  Experiment  shows  that 
such  is  not  the  case  and  reduces  us  to  a  direct  trophic  influ- 
ence of  the  nerve.  When  the  arteries  are  closed  and  the 
cerebral  gland-ncrvo  stimulated,  it  is  found  that  the  per- 
centage of  organic  constituents  in  the  secretion  is  as  low 
as  nsual;  it  remains  almost  exactly  the  same  whether  the 
arteries  are  open  or  closed  or  have  been  previously  open  or 
dosed.  We  must  conclude  that  the  peculiar  influence  of 
the  sympathetic  does  not  depend  upon  its  vaso-constrictor 
fibres. 

These  observations  make  it  clear  that  the  phenomena  of 
secretion  are  dependent  on  very  complex  conditions^  at  least 
in  the  salivary  glands  and  presumably  in  all  others. 
Primarily  dejwndent  upon  filtration  and  dialysis  from  the 
blood-vessels  and  the  physiological  character  of  the  glaud- 
oella,  both  of  these  factors  are  controlled  by  the  nervous 
system,  the  secretory  tissues  being  no  more  automatic  than 
the  muscular;  and  the  facta  also  give  us  important  evidence 
of  power  of  the  nervous  system  to  influence  cell  nutrition 
directly. 

Summary.  By  secretion  is  rae^int  the  separation  of  such 
sabstances  from  the  blood  as  are  poured  out  on  free  surfaces 
of  the  Body,  whether  external  or  internal.  In  its  simplest 
form  it  is  merely  a  physical  process  dependent  on  filtra- 
tion and  dialysis;  for  example,  the  elimination  of  carbon 
dioxide  from  the  surfaces  of  the  lungs,  and  the  watery 
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liquid  poured  out  on  the  surfaces  of  the  serous  membranes. 
Such  secretions  are  known  ^stransudaia  and  their  amount 
is  only  indirectly  controlled  by  the  nervous  system,  through 
the  influence  of  the  latter  n]>on  the  circulation  of  the  blood. 
The  cells  lining  such  surfaces  are  not  secretory  tissues  in 
any  true  sense  of  the  word,  being  merely  flat,  inactive*  thiu 
scales  protecting  the  surfaces.  In  other  cases  the  lining 
cells  are  thicker,  and  actively  concerned  in  the  process;  they 
are  then  usually  spread  over  the  recesses  of  a  much  folded 
membrane,  so  that  the  whole  is  rolled  up  into  a  compact 
organ  called  a  gland,  the  secretion  of  which  may  contain 
only  tramudntion  eletnenis  (as  for  example  that  of  the 
lachrymal  glands  which  form  the  tears)  or  may  contain  a 
specific  ehmenif  formed  in  the  gland  by  its  cells,  in  addition 
to  transudation  elements.  In  either  case  the  activity  of 
the  organ  is  directly  influenced  by  the  nervous  system, 
usually  in  a  reflex  manner  {e.g.  the  watering  of  the  eyes 
when  the  eyeball  is  touched  and  the  saliva  poured  into  the 
mouth  when  food  is  tasted)  but  may  also  be  otherwise  ex- 
cited, as  for  e3cample  the  flow  of  tears  under  the  influence 
of  those  changes  of  the  central  nervous  system  which  are 
associated  with  sad  emotions,  or  the  watering  of  the  mouth 
at  the  thought  of  dainty  food.  The  nerves  going  to  such 
glands,  besides  controlling  their  blood-vessels,  act  upon  the 
gland-cells;  one  sot  governing  the  amuuut  of  trausudation 
of  water  and  salines  which  shall  take  j)lace  through  them, 
and  another  (in  the  case  of  ghiuds  producing  secretions 
with  one  or  more  specitic  elements)  controlling  the  produc- 
tion of  these,  by  starting  new  chemical  processes  in  the  cells 
by  which  a  substance  built  np  in  them  during  rest  is  con- 
Terted  into  the  specific  element,  which  is  soluble  in  and 
carried  off  by  the  transudation  elements.  What  the  speci- 
fic element  of  gland  shall  be,  or  whether  its  secretion  con- 
tain any,  is  dependent  on  the  nature  of  its  s])ecial  cells; 
how  much  transudation  and  how  much  specific  element 
shall  be  secreted  at  any  time  is  controlled  by  the  nervous 
system;  just  as  tlie  contractility  of  a  muscle  depends  on 
the  endowments  of  muj^culur  tissue^  and  whether  it  shall 
rest  or  contract— and  if  the  latter  how  powerfully — upon, 
its  uerre. 


CHAPTER  XIX, 


THE  INCOME  AND  EXPENDITURE  OF  THE 
BODY. 


The  liaterial  liOBAes  of  the  Body.  All  day  long  while 
life  lusts  eat'h  of  us  is  losing  Boruothing  from  his  Bocly. 
The  air  breathed  into  the  lungs  becomes  in  tht'tn  laden 
with  carbon  dioxide  and  water  vapor,  which  are  carried  oif 
with  it  when  it  is  expired.  The  skin  is  as  constantly  giv- 
ing off  moisture,  the  total  quantity  in  twenty-four  hours 
being  a  good  deal,  even  when  the  amount  pas*ied  out  at  any 
one  time  is  so  nmall  us  to  be  ovaponitcd  at  uul'(*  and  so  does 
not  collect  as  drops  of  visible  perspiration.  The  kidneys 
Again  are  constantly  at  work  separating  water  and  certain 
crystalline  nitrogeneous  bmlies  from  the  blood,  along  with 
some  mineral  salts.  The  prodnct  of  kidney  activity,  how- 
ever, not  being  forthwith  carried  to  the  surface  but  to 
a  reservoir,  in  which  it  accumulates  and  which  is  only 
emptied  at  intervals,  the  activity  of  those  organs  ap[>ears 
at  tirst  sight  intermittent.  If  to  these  losses  we  add  cer- 
tain other  waste  substances  added  to  the  undigested  residue 
of  the  food  passed  out  from  the  alimentary  canal,  and  the 
loss  of  hairs  and  of  dried  cells  from  the  surface  of  the  skin, 
it  is  clear  that  the  total  amount  of  matter  removed  from 
the  Body  daily  is  considerable.  The  actual  quantity  varies 
with  the  individiuilt  with  the  work  done,  and  with  the 
nature  of  the  fo<Kl  eaten;  but  the  following  table  gives 
approximately  that  of  the  more  important  daily  material 
losses  of  an  average  man. 
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Tho  living  Body  thus  loses  daily  in  round  niunbors  4 
kilograms  of  niiitier  (8  lbs.)  uiidj  einuu  \t  \&  unable  to 
create  uev  matter,  this  loss  must  be  compcnRatcd  for  from 
the  eit«nor  or  tho  tissues  would  soon  dwindle  away  alto- 
gether; or  at  least  until  thoy  were  so  iuiiiaired  that  life 
Came  to  an  end.  After  death  the  losses  wouUl  be  of  a  differ- 
ent kind,  and  their  tjuantity  much  more  dependent  upon 
Burrouuding  conditions;  but  except  under  very  unusual 
circumstances  the  wasting  away  would  still  continue  in  the 
detul  Bod).  Finally,  the  composition  of  the  daily  wastes 
of  the  living  Bmly  is  tolerably  constant;  it  does  not  simply 
lose  a  quantity  of  matter  weigliing  so  much,  but  a  certain 
amountofdefinitekindHof  matter,  carbon,  nitrogen,  oxygen, 
and  so  on;  and  these  same  substances  must  be  restored  to 
it  from  outside,  iu  order  that  life  may  be  continued.  To 
give  one  asking  for  bread  a  stone  might,  nodonbfc,  if  it  were 
swallowed,  compensate  in  weight  for  the  nuitttr  lie  lost  in 
twenty-four  hours;  but  bread  would  be  utvdud  to  keep 
him  alive.  In  other  words,  the  Body  not  only  requires  a 
supply  of  matter  from  outside,  but  a  supply  of  certain 
delinile  kinds  of  matter. 

The  Losses  of  the  Body  in  Energy.  The  daily  expendi- 
ture of  mattrr  by  the  liviug  Body  is  not  tho  only  one:  as 
continuously  it  loses  in  some  form  or  another  enrrgy,  or 
the  power  of  doing  work;  often  as  mechanical  work  ex- 
pended in  moving  external  objects,  but  even  when  at  rest 
energy  is  constantly  being  lost  to  the  Body  in  the  form  of 
heat,  by  radiation  and  conduction  to  surrounding  objects, 
by  the  evaporation  of  water  from  the  lungs  and  skin,  and 
by  removal  in  warm  excretions.  Unless  tho  Body  can 
make  energy  it  must  therefore  receive  a  certain  supply  of 
it  also  from  the  exterior,  or  it  would  very  soou  cease  to 
carry  on  any  of  its  vital  work  ;  it  would  bo  unable  to 
move  and  wouUi  cool  down  to  tho  temperature  of  surround- 
ing objects.  Tho  discoveries  of  this  century  having  shown 
that  energy  is  as  indestructible  and  uncreatable  (see  Phy- 
sics) as  matter,  we  are  led  to  look  for  the  sources  of  the 
supply  of  it  to  the  Body;  and  finding  that  the  living  Body 
daily  receives  it  and  dies  when  thi»  supply  is  cut  oH,  we  uo 
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longer  suppose,  with  the  older  physiologists,  that  it  works 
by  means  of  u  mysterious  \\U\\  force  existing  in  or  creuted 
by  it;  but  that  getting  energy  from  the  outride  it  utilizes 
it  for  its  purposes — for  the  performance  of  its  nutritive  and 
other  living  work — and  then  returns  it  to  the  exterior 
in  what  the  physicists  know  us  a  degruded  .state;  that  is  In 
a  less  utilizable  condition.  While  energy  like  matter  is  in- 
destructible it  is,  nnlike  matter,  transmutablc;  iron  is  always 
iron  and  gold  always  gold;  neither  can  by  any  mejms  which 
we  iwssesa  be  converted  into  any  other  form  of  matter;  and 
so  tlie  Body,  needing  carbon,  hydrogen,  oxygen,  and  nitro- 
gen to  buUd  it  and  to  cover  its  daily  losses,  must  be  sup- 
plied with  those  very  substances.  As  regards  energy  this 
is  not  the  case.  While  the  total  amount  of  it  in  the  uni- 
Terse  is  constant,  its  form  is  constantly  nnhjeet  to  change — 
and  that  one  in  which  it  enters  the  Body  need  not  be  that 
in  which  it  exists  while  in  it,  nor  that  in  which  it  leaves  it. 
Daily  losing  heat  and  mechanical  work  the  Body  does  not 
need,  could  not  in  fjict  much  utilize  cnergj',  supplied  to  it 
in  these  forms;  but  it  does  need  energy  of  some  form  and 
in  amount  CMjuiviilent  to  that  which  it  loses. 

The  Conservation  of  £nergy.  The  forms  of  energy 
known  to  us  are  not  nearly  so  numerous  us  tlie  kinds  of 
mutter.  Still  wc  all  know  several  of  them;  nuch  m  light, 
heat,  sound,  electricity,  and  mechunical  work;  and  most 
people  nowadays  know  that  some  of  these  forms  are  inter- 
convertible, so  that  directly  or  indirectly  we  can  turn  one 
into  another.  In  such  changes  it  is  found  that  a  definite 
amount  of  one  kind  always  disappears  to  give  ritie  to  a 
certain  quantity  of  the  other;  or,  in  other  words,  that  so 
ranch  of  the  first  form  is  e<^juivaleut  to  so  much  of  the 
second.  In  a  steam-engine,  heat  is  produced  in  the  fur- 
nace; when  the  engine  is  at  work  all  of  this  energ}'  does 
not  leave  it  as  heat;  some  goes  asmcchanieiil  work,  and  the 
more  work  the  engine  does  the  greater  is  the  difference  be- 
tween the  heat  generated  in  the  furnace  and  that  leaving 
the  machine.  If,  however,  we  used  the  work  for  rubbing 
two  rough  surfaces  together  we  could  get  the  heat  back 
In,  and  if  (which  ot  course  is  im{>osaib]e  in  practice) 
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e  could  avoid  all  friction  in  the  moving  part*  of  the 
raachinot  tho  quantity  thu-s  restored  would  be  exactly  equal 
to  the  excess  of  the  lieat  generated  in  the  furnace  over  that 
leaving  the  engine.  Having  turueil  some  of  the  heat  into 
mechanical  work  we  eould  thus  turn  the  work  back  into 
heat  again,  and  tind  it  yield  exiu^Lly  the  aiiunint  which 
seenuKl  li^st.  Or  we  might  use  the  engine  to  drive  an  elec- 
tro-magnetic machine  and  so  turu  jiart  of  tho  heat  liber- 
ated iu  its  furutu;e  iirst  into  mechanical  work  and  this  into 
electi'icity;  and  if  we  choHc  to  use  the  latter  with  the 
l»rojier  apparatus,  we  could  turn  more  or  loss  of  it  into 
light,  and  so  have  a  great  part  of  the  energy  which  first 
became  conspicuous  as  heat  in  the  engine  furnace»  now 
manifested  in  the  form  of  h'ght  at  some  distjint  pt>int.  In 
fact,  starting  with  a  given  quantity  of  one  kia<l  of  energy, 
we  mny  by  pro|>er  contrivances  turn  all  or  some  of  it  into 
«me  or  more  other  forms;  and  if  we  collected  all  the  final 
forms  and  relranHfonnud  them  into  the  firHt^  wc  should 
have  exactly  the  amount  of  it  which  hiul  disappeared  when 
the  other  kinds  appeared.  This  law,  that  energy  can 
change  its  form  but  that  its  amount  is  invariable,  that  it 
(rannot  be  create<l  or  destroyed  but  simply  transmuted,  is 
known  as  the  htw  nf  Uw  Connifrvafion  of  Enrnjy  (see  Phy- 
sics), and,  like  the  iudestructibility  of  matter,  lies  at  the 
basis  of  uH  scientific  conceptions  of  the  universe,  whether 
(iinccrncij  with  auiniale  or  iiianiuiitle  objects. 

Since  all  forms  (tf  energy  urn  intercoiivf'rtible  it  is  con- 
venient in  coiupariiigamouuts  of  different  kinds  U*  exjjreas 
them  iu  terms  of  some  one  kind,  by  sayiug  how  much  of 
that  standard  fcirm  the  given  amoutit  f»f  the  kind  spoken 
of  would  give  risc!  tn  it  were  all  converted  into  it.  Since 
the  most  easily  measured  form  of  energy  is  mechanical 
work  this  is  commonly  taken  us  the  standard  form,  and 
the  qiuMitities  ttf  othei-s  are  expressed  by  saying  how  great 
a  distam-e  aj^uinst  the  force  of  gravity  at  ihe  earth's  sur- 
face a  given  weight  could  bu  niised  by  the  energy  in  ques- 
tion, if  it  were  all  spent  iu  lifting  the  weight.  The  units 
of  mechanical  work  tuiing  the  kilogrammeter,  or  the  foot- 
pound, the  mmhnnivid  vquivnk'Hf  of  any  given  kind  of  energy 
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18  the  number  of  kllogrammetere  or  foot-potinds  of  work  its 
uiiiL  (juantity  would  |»('rform,  if  convtTted  inta  met^hunkal 
work  and  usod  to  raise  u  weight.  Pur  exumplt'  the  unit 
qiuuitity  of  heat  is  tliat  nocessarj  to  niiirC  (Hio  kilogram  of 
water  one  degree  centigrade  in  tcmiierature;  or  Rometinies, 
in  books  written  in  English,  the  quantity  necessary  to  warm 
one  iK>und  of  water  one  degree  Falireuhcit.  When  there- 
fore wo  gay  that  the  mecliauical  ctjuivah^nt  of  heat  is  423 
kilogrammeteri}  we  mean  that  the  quantity  of  heat  which 
would  raise  one  kilogram  of  water  in  temperature  from 
4°  C.  to  5*^  C.  would,  if  all  turned  into  meehunical  work, 
bo  able  to  mine  one  kilogram  ^V■l'^  nieters  »gaii»st  tlie attrac- 
tion of  ihe  eartli;  and  conversely  that  this  amount  of  nie- 
chanicjil  work  if  turned  into  heat  would  warm  a  kilogram 
of  Avatcr  one  degree  centigrade.  The  mechanical  e<^uiva- 
lent  of  heat,  taking  the  Fahrenheit  thcrmouielric  scale  and 
using  feet  and  jwnnds  as  measures,  is  772  foot-pounds. 

Potential  and  Kinetic  Energy.  At  times  energj'  seems 
to  U*  lost.  (Jrdiriarily  we  only  ob.vorve  it  when  it  is  doing 
work  and  producing  nonie  change  in  matter:  but  sometimes 
it  is  at  rest,  stored  away  uud  producing  no  changes  that 
we  recognize  and  thus  seems  to  have  been  destroyed. 
Euerg)-  at  work  is  known  ns  kinetir  euergtf;  energy  at  rest, 
not  producing  changes  in  matter,  is  called  potential  energy. 
Suppose  a  stone  pulled  up  by  a  string  and  left  suspended 
in  the  air.  "We  know  a  certain  amount  of  energ}-  was 
used  to  lift  it;  butwiiile  it  hangs  we  liave  neither  heat  nor 
liglit  nor  mechanical  work  to  represent  it.  Still  the  energy- 
is  not  lust;  we  know  we  haye  only  to  cut  the  string  and 
the  weight  will  fall,  and  striking  somuthiug  give  rise  to 
heat.  Or  we  may  wind  up  a  spring  and  keep  it  so  by  a 
ciitch.  In  winding  it  up  a  certain  amount  of  energj'  in 
the  form  of  mechanical  work  wim  nsed  to  alter  the  forn» 
of  the  spring.  Until  the  catch  is  removed  this  energy  re- 
mains stored  away  as  potential  energy:  but  we  know  it  is 
not  lost.  Once  the  spring  is  let  loose  again  it  may  drive  a 
clock  or  a  watcli.  and  in  so  doing  will  perform  again  just 
so  mnch  work  as  was  spent  in  coiling  it;  and  when  the 
watch  has  run  down  this  energy  will  all  have  been  turned 
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into  other  forms — mainly  beat  developed  in  the  friction  of 
the  parts  of  the  watch  against  one  another:  hut  partly  also 
in  producing  movements  of  the  air,  a  portion  of  which  we 
can  readily  observe  in  the  sound  of  its  ticking.  The  law 
of  the  conservation  of  energy  d<>c3  not  say,  then,  thateitlicr 
the  total  potential  or  the  total  kinetic  energy  in  the  universe 
is  constant  in  nmoaut:  but  thut  the  sum  of  the  two  is  inva- 
riable, while  constantly  undergoinj^  clumges  from  kinetic 
to  potential  and  vice  versa:  and  from  one  form  of  kinetic 
to  another. 

The  Energy  of  Chemical  Affinity.  Between  every  two 
chemical  atoms  which  nrv  cjipubk'  >>(  entering  into  comI)i- 
nation  there  exists  a  certjiin  amount  of  ptnontial  energy; 
when  they  unite  this  energy  is  liberated,  usually  in  the  form 
of  heat,  and  once  they  have  combined  a  certain  amount  of 
kinetic  energy  must  beti|)ent  to  pull  them  ai>art  again;  i\x\s 
being  exa<:'tly  the  amount  which  wtis  liborateil  when  they 
united.  The  more  stable  the  compound  fornufd  the  more 
kinetic  energy  apjx^ars  during  its  formation,  and  the  more 
must  Iw  spent  to  break  it  up  again.  One  may  imagine  the 
separated  atoms  as  two  ballrt  putihe<l  together  by  s]>ring8, 
the  strength  of  the  spring  being  proportionate  to  the  de- 
gree of  their  chemical  affinity.  Once  thoy  are  let  loose 
and  permitted  to  striki*  togi'tiRT  (li(«  potential  energy  ]>re- 
Tiously  represented  by  ihv.  ri)niiin'ssi'd  springs  disaj)|)t'ar3, 
and  in  its  place  we  have  the  kinotic  energy^  represented  by 
the  heat  developed  when  tlie  I)a]Is  strike  together.  To 
pull  them  apart  again,  against  the  springs,  to  their  original 
positions,  just  so  much  mechanical  work  must  be  s])cnt  as 
is  the  equivalent  of  that  amount  c»f  Iieat  which  apjieared 
when  they  strnck;  and  thus  kinetic  energy  will  again  be- 
come latent  in  breaking  up  the  conifiound  represented  by 
the  two  in  contact.  TJiu  pner^^i'liherafod  in  cbcniir^al  com- 
bination is  the  most  important  sourf^e  of  that  used  in  oitr 
machines:  and  also  of  that  spont  bv  Oio  livinitf  Rodv. 

The  Belation  between  the  Blatters  Removed  trom  the 
Body  daily  and  the  Energy  Spent  by  it.  A  working 
locomotive  is,  wo  know,  constantly  losing  matter  to  the 
exterior  in  the  form  of  ashes  and  giL-ieons  products  of  com- 
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bu8tion,  the  latter  l»eing  mainly  carbon  dioxide  and  water 
vapor.  The  engine  also  expends  energj',  not  only  in  the 
form  of  heat  radiated  to  tJie  air,  but  as  mechanical  work 
in  drawing  the  ears  against  the  resistance  offered  by  fric- 
tion or  somotimcs,  up  ati  incline,  by  gravity.  Now  the  en- 
gine-driver knows  that  there  is  »  close  relationship  between 
the  losses  of  matter  and  the  ex]>enditurc  of  energy,  so  that 
he  has  tu  stoke  his  furnace  more  frei|ueutly  and  allow  a 
greater  draft  of  air  through  it  in  going  up  a  gradient 
than  when  running  on  the  level.  The  more  work  the  en- 
gine doc?t  the  more  coals  and  air  il  needs  to  make  up  for 
its  greater  waste.  If  wc  seek  the  cause  of  this  relation- 
ship between  work  and  wiLste,  the  first  answer  naturally  is 
that  the  engine  is  a  nuu-hine  the  special  object  of  which  is 
to  convert  heat  into  mechanical  work^  and  so  the  more 
work  it  has  to  do  the  more  heat  is  required  for  conversion, 
and  roiist'ijucutly  the  more  coals  muyt  l>e  burnt.  This, 
however,  opens  the  questi<»n  of  the  source  of  the  heat — of 
all  that  vast  amount  of  kinetic  energy  which  is  liberated  in 
the  furnace;  and  to  answer  this  we  must  consider  in  what 
forms  matter  and  energy  enter  the  funiace,  since  the 
energy  lilwrated  there  must  be  carried  in  nomehow  from 
outside.  For  present  purposes  coals  may  be  considered  as 
consisting  of  carbon  and  hydrogen,  both  of  which  sub- 
stances tend  to  forcibly  combine  with  oxygen  at  high  tom- 
jjeraturcs,  forming  in  the  one  case  carbon  dioxide  and  in 
tho  other  water.  The  oxygen  necessary  to  form  these  com- 
pounds lM?ing  supplied  by  the  air  entering  the  furnace,  all 
the  potential  energy  of  chemical  affinity  which  existed  be- 
tween tlie  uncombiucd  elcn»ents  becomes  kinetic,  and  is 
liberated  as  heat  when  the  combination  takes  place.  The 
energy  utilized  by  the  engine  is  therefore  supplied  to  it  in 
the  form  of  potential  energy,  associated  with  the  uncom- 
bined  forms  of  nnifter  which  reach  the  furnace.  Once  the 
carbon  and  hydrogen  have  combined  with  oxygen  they  are 
no  longer  of  any  use  as  liberators  of  energy;  and  the  com- 
pounds formed  if  retained  in  the  furnace  would  only  clog 
it  and  impede  fartlicr  cumhustion;  they  arc  therefore  got 
rid  of  as  wastes  throngh  the  smoke-stack.     The  engine. 
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ih  Filiort,  reoolvcs  nnrombine*!  elcmenU  associated  with 
jtoleiitial  energy;  irnd  loses (*onibincfl  rlement^  (whicli  hiivo 
lost  the  energy  previoii^^ly  associated  with  them)  and  kinetic 
ffuergy:  it  so  to  ^K'tiV  geparatee  the  energy  from  the  mat- 
ter with  which  it  wa«  connet^tt^d  luid,  utilizing  it,  gets  rid 
of  the  exhan8te<l  matter.  The  amount  of  kinetic  energy 
lil»eruted  during  such  chemical  combinutionH  is  very  great; 
a  kilogram  of  carbon  uniting  with  oxygen  to  form  car- 
bon dioxide  sct-'i  free  8.180  units  of  brat,  i>r  (raloripji.  Dur- 
ing the  combination  of  oxygen  atid  hydrogen  to  form 
water  even  more  energ}*  is  liberated,  one  kilogram  of  hydro- 
gen when  completely  burnt  liberating  more  than  thirty-four 
thouMind  of  the  same  units.  The  mechanical  ec|tiivalent 
of  this  can  Ik*  <'alrulated  if  it  is  remembered  that  one  heat 
unit  =  423  kilogrammeters. 

Turning  now  t.n  the  living  Bo<iy  we  find  that  its  income 
and  expendituH'  agree  very  closely  with  those  of  the  steam- 
engine.  It  i-ecoives  from  the  exterior  substances  capable 
of  entering  into  chemical  union;  these  combine  in  it  and 
liberate  energy;  and  it  lones  kinetic  energy  and  the  i>roducta 
of  (rombination.  From  the  outside  it  takesoxygen  through 
the  Itingt*.  and  oxidizable  Bubstances  (in  the  form  of  foods) 
throngh  the  alimentary  cAnal;  tliese  combine  under  the 
conditions  prevailing  in  the  living  cells  jusr  as  the  carbon 
and  oxygen,  winch  will  not  unite  at  ordinary  tcini>GraturGs, 
combine  under  the  conditions  existing  in  the  furnace  of 
the  engine;  the  energy  liberated  is  employed  in  the  work  of 
the  Body,  while  the  useless  products  of  combination  are  got 
rid  of.  To  explain,  then,  the  fact  that  our  Bodies  go  on 
working  we  have  no  need  to  invoke  some  special  mysterious 
power  resident  in  them  and  capable  of  creating  energy,  a 
I'itai  fon^e  having  no  relation  with  other  natural  forces, 
such  as  the  older  physiologists  used  to  imagine.  The  Body 
needs  and  gets  a  supply  of  energv'  from  the  exterior  just  \ia 
the  steam-engine  does,  food  and  air  being  to  one  what  coals 
and  air  arc  tn  the  other:  each  is  a  machine  in  which  energy 
ij-  liberjited  bv  chemical  cnnibinations  and  then  used  for 
s|»ecuil  work;  the  chamcter  of  which  depends  upon  tho 
peculiarities  of  mechanism  which  utilizes  it  in  each  case. 
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and  not  upon  nny  poculittrity  in  the  onrrgr  ntilized  or  in 
iu  source.  The  B«<iy  is.  however,  a  far  more  economical 
machine  than  any  fitcAm-engine;  of  all  tlie  energy  liberated 
in  the  latter  only  a  i^mall  fraction,  about  one  eighth,  \s  ase- 
fully  employed,  wliiJc  our  Bodies  can  utilize  for  thcj»erform- 
ance  of  muscular  work  alone  one  fifth  of  the  whole  energy 
supplied  to  them;  leaving  out  of  account  altogether  the 
nutritive  and  other  work  carried  on  in  them,  and  the  heat 
lor*t  from  tlicni. 

The  Conditions  of  Oxidation  in  the  Iiiviiig  Body.  Al- 
though the  general  principles  upon  which  the  Body  and 
the  steam-engine  get  their  working  power  are  the  same, 
pIiU  in  minor  {toint-H  very  obviout!  differences  are  found 
bolween  them.  In  the  tirj^t  place  the  coals  of  an  engine 
are  oridized  only  at  a  very  high  temperature,  one  which 
would  be  instantly  fatal  to  our  Bodies  which,  although 
warm  when  compared  with  the  bulk  of  inanimate  objects, 
arc  ver}'  slow  fires  wlien  compared  with  a  furnace.  Chem- 
istry and  physics,  however,  teach  us  that  this  difference  i$ 
fpiite  unimportant  so  far  as  concerns  the  amount  of  energy 
liberated.  If  magnesium  wire  be  ignited  in  the  air  it  will 
become  white-hot.  flume,  and  leave  at  the  end  of  a  few 
seconds  only  a  certuin  amount  of  incombustible  rw/r/  or 
magnesia,  which  consistfl  of  the  metal  combined  with 
oxygen.  The  heat  and  light  evolved  in  the  process  repre- 
sent of  cour.H'  the  energy  which,  in  a  potential  form,  was 
Hssociatetl  with  the  magnesium  and  oxygen  befon*  their 
combinat  ion.  Wc  can,  however,  oxidize  the  metal  in  a  differ- 
ent way,  attended  with  no  evolution  of  light  and  no  very  per- 
reptible  rise  of  tempei*alure.  If.  for  instiince,  we  leave  it  in 
the  air  it  will  become  gradually  turned  into  magnesia  with- 
out having  over  been  hot  to  the  tonch  or  Inminous  to  the 
eye.  The  process  will,  however,  take  days  or  weeks:  and 
while  in  this  Blr)w  oxidation  just  ;l<  much  energy  is  liberated 
as  in  the  former  case  it  now  all  takes  tlie  form  of  heat;  and 
instead  of  Ix^ing  liberated  in  a  short  lime  is  spread  over  a 
much  longer  one,  asthe  gradual  chemical  combination  tAkes 
place.  The  slowly  oxidizing  nia;rne«ium  is,  therefore,  at  no 
moment  noticeably  hot  since  it  loses  it«  heat  to  surrounding 
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objects  aa  f;i9t  as  it  is  gcnerAted.  The  oxidations  occnrriiig 
in  our  Bodies  are  of  this  slow  kind.  An  onnre  of  arrow- 
root oxidized  lu  a  fire,  and  in  the  Iluinan  Body,  wonld 
liberate  exactly  us  much  energy  in  one  rase  as  tlic  other, 
but  the  oxidation  wouM  take  phice  in  a  few  minutcfi  and 
at  a  high  temperature  in  the  former^  and  slowly,  at  a  lower 
temperature,  in  the  latter.  In  the  second  l)ll^ce»  the  engine 
differs  from  the  living  Btxly  in  the  fu<tt  that  the  oxidations 
in  it  all  take  place  in  a  small  area,  the  furnaco.  iind  so  the 
temperatnrc  there  becomes  very  high;  while  in  our  Bodies 
the  oxidations  take  place  all  over,  in  eaeli  of  the  living 
cells;  there  is  no  one  furnace  or  hearth  where  all  theencrgy 
IB  liberated  for  the  whole  and  transferred  thence  in  one 
form  or  another  to  distant  parts:  and  this  is  another  reason 
why  no  one  j>art  of  the  Body  attains  a  very  high  temperature. 
The  Fuel  of  the  Body.  This  is  clearly  different  from 
that  of  an  ordinary  engine:  no  one  could  live  by  eating 
coals.  This  difference  again  is  sul>sidiary;  a  gas-engine 
recjuircs  different  fuel  from  an  ordinary  locomotive;  and 
the  Body  requires  a  somewhatdifferent  one  from  either.  It 
needs  as  food.s,  suhatancea  which  can,  in  the  first  place,  be 
absorbed  from  the  alimentary  canal  and  carried  to  the 
various  tissues;  and,  in  the  second,  can  there  be  oxidized 
at  a  low  temperature  or,  perhaps  more  probably,  can  be 
converted  by  the  living  cells  into  compounds  which  can  be 
80  oxidized.  Witjj  some  trivial  exceptions,  all  substances 
which  fuHill  thei^e  conditions  are  comjilux  cheaiical  com- 
pounds, and  to  understand  their  utilization  in  the  Body 
we  must  extend  a  little  tlie  statements  above  made  as  to  the 
liberation  of  energy  in  chemical  combinationH.  The  general 
law  may  be  stated  thus — Energy  is  libcrafrd  trheneiun'  chtini- 
cal  union  fairs  place :  ami  whenever  more  stable  eompounds 
arc  formed  from  has  stable  ones,  in  which  the  rnraditutnt 
atom.t  were  less  finnbj  held  together.  Of  the  lil>eration  by 
simple  combination  we  have  already  seen  an  in^itanccin  the 
oxidation  of  carbon  in  a  furnace;  but  the  union  need  not 
be  an  oxidation.  Everyone  known  how  hot  ^^uicklime 
becomes  when  it  is  slaked;  the  water  combining  strongly 
with  the  lime,  and  energy  being  liberated  in  the  form  of 
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beat  during  the  proccfls.  Of  the  liberation  of  energy  by 
the  brwikiug  dowu  of  a  complex  compound,  in  which  the 
atoms  ure  only  feebly  united,  into  simpler  and  stabler  one«, 
we  get  uu  example  in  alcoholic  fermentation.  Daring  that 
process  gra]>e  sugar  is  broken  down  into  more  stable  com- 
pounds, mainly  carbon  dioxide  and  alcohol,  while  oxygen 
\a  at  the  same  time  tjiken  up.  To  pull  apart  the  c-arhon. 
hydrogen  and  oxygen  of  the  sugar  molecule  requires  a  cer- 
tain expenditure  of  kinetic  energy:  bnt  in  the  simnltaneons 
formation  of  the  new  and  stabler  compounds  a  greater 
amount  of  energy  is  set  free,  and  the  difference  appears  as 
heat,  so  that  the  brewer  has  to  cool  his  vats  with  ice.  It 
is  by  processes  like  this  latter,  rather  than  by  direct  com- 
binations, that  most  of  the  kinetic  energy  of  the  Body  is 
obtained;  the  complex  proteids  and  fats  and  starches  and 
sugar  taken  us  food  being  broken  down  (usually  with  con- 
comitant oxidation)  into  simpler  and  more  stable  com- 
pounds. 

Oxidation  by  Successiye  Stops.  In  the  furnace  of  an 
engine  the  oxidation  takes  place  completely  at  once.  The 
carbon  and  hydrogen  leaving  it,  if  it  is  well  managed,  are 
each  in  the  state  of  their  most  stable  oxygen  compound. 
But  this  need  not  be  so:  we  might  first  oxidize  the  carbon 
so  as  to  form  carbon  monoxide,  CO,  and  get  a  certain 
amount  of  heat;  and  then  oxidize  the  carbon  monoxide 
fartlier  so  as  to  form  carbon  dioxide,  COi,  and  get  more 
heat.  If  we  add  together  the  amounts  of  heat  liberated  in 
each  stage,  the  sum  will  be  exactly  the  (juantity  which  would 
have  been  obtained  if  the  carbon  had  l>een  completely  burnt 
to  the  state  of  carbon  dioxide  at  first.  Every  one  who  has 
studied  chemistry  will  think  of  many  similar  cases.  As 
the  process  is  important  physiologically  we  may  take  an- 
other example;  say  the  oxidation  of  alcohol.  This  may  be 
burnt  completely  and  directly,  giving  rise  to  carbon  dioxide 
and  water — 

CHiO   -i-    O.       =       200.     +     3H.0 

1  Alcohol.       6  OxrK**n.        2  Carhnn  dioxide.       8  w»t«. 

But  instead  of  this  we  can  oxidize  the  alcohol  by  stages, 
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getting  at  each  st^ge  only  a  comparatively  Rmall  amount  of 
heat  cTolved.  By  combining  it  first  with  one  atom  of  oxy- 
gon»  we  get  aldehyde  and  water — 

CH.O    -h    0     =    CiHiO  -f   H"0 

1  Alcohol.        1  Oxygen.        1  Aldebyd«.       1  Wftt«r. 

Then  we  add  iin  atom  of  oxygen  to  the  aldehyde  and  get 
acetic  acid  (vinegar) — 

C«H40    -I-    O     =     CiHiOi 

1  Aidelirde.        1  OxygeiL        1  AoeOc  add. 

And  finally  we  may  oxidize  the  acetic  acid  so  as  to  get  car- 
bon dioxide  and  water — 

O.H40t  +  04  =  2C0.  +  2H.0 

We  get,  in  both  cufies,  from  one  molecule  of  alcohol,  two  of 
carbon  dioxide  and  three  of  water;  and  six  at^^ms  of  oxygen 
are  taken  up.  In  each  stage  of  the  gradual  oxidation  a 
certain  amount  of  heat  is  evolved;  and  the  sum  of  theae  is 
exactly  the  amount  wliich  would  have  been  evolved  by 
burning  the  alcohol  completely  at  once. 

The  food  taken  into  the  B«dy  is  for  the  most  part,  oxi- 
dized in  this  gradual  manner;  the  product  of  irajwrfect 
combustion  in  one  sot  of  cells  being  carried  off  and  more 
completely  oxidized  in  another  set.  until  the  final  pro- 
ducts, no  longer  capable  of  further  oxidation  in  the  Body, 
are  carried  to  the  lungs,  or  kidneys,  or  skin,  and  got  rid  of. 
A  great  object  of  physiology  is  to  trace  all  intermedialc 
compounds  betw^een  the  food  which  enters  and  the  waste 
products  which  leave;  to  find  out  just  how  far  chemical 
degrudatiun  is  carried  in  each  organ,  and  what  substances 
are  thus  formed  in  various  parts:  but  at  present  this  part 
of  the  seienro  is  very  imporfect. 

The  Utilisation  of  Energy  in  the  Living  Body.  In  the 
steam-engine  energy  is  liberated  as  heat;  some  of  the  heat 
is  used  to  evaj-iorate  water  and  expand  the  resulting  ^team; 
and  then  the  steam  to  drive  a  piston.  Btit  in  the  living 
Body  it  is  verj*  probable  (indeed  almost  certain)  that  a 
great  part  of  the  onerg}'  liberated  by  chemical  transfor- 
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matiDns  doc8  not  first  take  the  form  of  heat;  though  some 
of  it  does.  This,  agnin,  does  not  affect  the  geueral  priu- 
ciple:  the  source  of  energy  is  e8.^entially  (he  simie  in  hoth 
cases;  it  is  merely  the  form  whit'h  il  lakes  Ihat  is  dif- 
ferent. In  u  galviiniu  coll  energy  ia  liboruLed  during  the 
union  of  zinc  and  sulphuric  acid,  and  we  may  ro  aniingo 
mailers  as  to  get  this  energy  as  Le^it;  hut  ou  the  other 
hatid  we  mHV  lead  it  off,  as  a  so-called  galvanic  current, 
and  use  it  to  drive  a  magncto-electrio  machine  lK;fore  it 
ha8  taken  the  form  of  heat  at  all.  In  fact,  that  heat  may 
he  used  to  do  niechunicul  work  we  must  reduce  some  of  it 
to  M  lower  tenipcniture:  n\\  engine  needs  a  condenser  of 
some  kind  SiS  well  as  u  furnace;  and.  other  thiugs  being 
equal,  the  cooler  the  condenser  llie  greater  the  jtroportion 
of  the  wliole  heat  liberated  in  the  furnace  whicli  can  be 
used  to  do  work.  Now  iu  a  muscle  there  is  no  condenser; 
its  temi>crature  is  uniform  lliroughout.  So  when  it  contracts 
and  lifts  a  weight,  the  energ}-  employed  must  be  liberated 
in  some  other  form  tlian  heat — souu*  form  which  the  muscu- 
lar lihre  can  use  without  a  condenser. 

Summary.  The  living  Body  is  continually  losing  mat- 
ter and  expending  energy.  So  long  as  wc  regard  it  as 
working  by  virtue  of  some  vital  force,  the  power  of  gener- 
ating which  it  h:i8  inlieritvd,  the  waste  is  ditticult  to 
acx'ount  for,  since  it  is  fur  more  thau  wc  can  imagine  as  due 
merely  to  wear  and  tear  of  the  working  jjurtit.  When, 
however,  we  consider  the  nature  of  the  inromo  of  the  Body, 
and  of  its  expenditure,  from  a  chemico-physical  point  nf 
view,  we  get  tlicclue  to  the  pOzzle.  The  Body  does  not 
waste  because  It  works  but  works  because  it  waiJtcs.  The 
working  power  is  ol)taiiK'd  by  chemical  changes  occurring 
in  it,  associated  with  the  liberatiau  of  energy  whuh  the 
living  cells  utilize;  and  the  products  of  these  chemical 
changes,  being  uo  longer  available  as  sources  of  energy,  are 
})assed  out.  The  chemical  changes  concerned  are  mainly 
the  breaking  down  of  complex  and  uiistablo  chemical  com- 
pounds into  sipipler  and  more  stiiblu  ones,  with  concomi- 
taut  oxidation.      Accordingly   the  material  losses  of  Lhe 
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are  highly  or  completely  oxidized,  tolerably  simple 
ehcmieiil  (N>iu|K)iiniIs;  luid  it.^  iniitcrial  iiieome  id  muinly 
ancorabiued  oxygen  aud  oxidiznble  Hubstiiuet^s.  the  former 
obtained  through  the  lun^,  the  latter  through  the  ulimen- 
tjiry  ouuul.  In  oner;:^y,  its  income  is  the  potential  eiiorgy 
of  uncombined  or  feebly  rnmbined  elements,  which  ure 
capable  of  combining  or  forming  more  t-tableeombinations; 
and  iis  tinal  expenditure  is  kinetic  energy  almost  entirely 
in  the  for»n  of  mechanical  work  and  heat.  Given  oxvgen, 
all  oxldizable  bodies  will  not  serve  to  keep  the  Body  alive 
and  working,  but  only  those  which  (I)  are  capable  of  ab- 
sorption from  tlie  alimentary  cunul  and  (2)  those  which  are 
oxidizable  at  the  temperature  of  the  Body  under  the  influ- 
ence of  protophism.  Just  as  carbon  and  oxygen  will  not 
unite  in  the  furnace  of  an  engine  unless  the  **fire  be 
lighted"  by  the  apphcation  of  a  match  but,  when  once 
alerted,  the  heat  evolved  at  one  point  will  serve  to  carry  on 
the  comlii ions  of  combination  through  the  ro.^t  of  the  mass, 
80  the  oxidations  of  the  Boily  only  occur  under  special  con- 
ditions; and  these  are  transmitted  from  ]mrcnt  to  offspring. 
Every  new  Human  Being  vX<\ri^  as  a  portion  of  protoj)lasm 
separated  from  a  j)arent  and  affording  the  conditions  for 
those  chomioal  combinations  which  supply  to  living  matter 
its  working  power :  this  serves,  like  the  energy  of  the 
burning  part  of  a  fire,  to  start  similar  ])rooesses  in  other 
portions  of  mutter.  At  present  we  know  nothing  in  physi- 
ology answering  to  the  match  which  lights  a  furnace;  those 
manifestation^^  of  energy  which  we  call  life  are  handed 
down  from  generation  to  generation,  as  the  sacred  firc  in 
llic  temple  of  V'osta  from  one  watcher  to  another.  Science 
may  at  st)me  time  teach  us  how  to  bring  tlic  chemical  con- 
stituents of  protoplasm  into  that  combination  in  which 
they  possess  the  faculty  of  starting  oxidations  under 
those  conditions  which  characterize  life;  then  we  will  have 
learnt  how  to  strike  tlie  vital  match.  For  the  present 
we  must  be  content  to  study  tlic  properties  of  that  form 
of  matter  which  possesses  living  facnUies;  since  there  is  no 
BatisfftctoTA'  proof  that  it  has  ever  been  produced,  within 
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our  experience,  apart  from  the  inflnence  of  matter  already 
living.  How  the  vital  spark  first  originated,  how  mole- 
cnles  of  carbon,  hydrogen,  nitrogen  and  oxygen  first  united 
with  water  and  salts  to  form  protoplasm,  we  have  no  scien- 
tific data  to  ground  a  positive  opinion  upon,  and  such  as  we 
may  have  must  rest  upon  other  grounds. 


CHAPTER  XX. 

FOODS. 


Foods  as  Tissue  Formers.     Hitherto  we  have  considered 

foods  merely  jis  sources  of  euergy,  but  they  are  also  re- 
quired to  build  up  the  Hubstance  of  the  Body.  From  birth 
to  manhood  we  increase  in  bulk  and  weight,  aikd  that,  not 
merely  by  accumulating  water  aiid  such  substances,  but  by 
forming  more  bone,  more  musclu,  more  brain,  and  so  on, 
from  materials  which  are  not  necessarily  bono  or  muscle 
or  nerve  tissue.  Alongside  of  the  processes  by  which  com- 
plex substances  are  broken  down  nad  oxidized  and  energy 
liberated,  constructive  processes  take  place  by  which  new 
complex  boilies  are  formed  from  simpler  subHtanees  taken 
as  foo<l.  A  great  part  of  the  energy  liberated  in  Lliy  Btnly  is 
in  fact  utilized  tir^t  for  this  purpose,  since  to  construct  com- 
plex unsUible  molecules,  hke  those  of  protoplasm,  from  the 
simpler  compounds  taken  into  the  Body,  needs  an  expendi- 
ture of  kinetic  energy.  Even  after  full  growth,  when  tlie 
Bo<iy  ceases  to  g]iin  weight,  the  same  synthetic  processes  go 
on;  the  living  tissuea  are  steiwlily  broken  down  and  con- 
stantly reconstructed,  as  we  see  illustrated  by  the  conditian 
of  a  mtin  who  has  been  starved  for  some  time,  inn!  who  loses 
not  only  his  power  of  doing  work  and  of  maintaining  his 
bodily  t-emi>erature  but  also  a  great  part  *tf  liis  living  tissues. 
If  again  fcni  proj)erly  he  swdu  makes  new  fat  and  new  muscle 
and  regains  his  original  mass.  Another  illustration  of  the 
continuance  of  constructive  powers  during  the  whole  of  life 
is  afforded  by  the  gi'owth  of  the  muscles  when  exercised 
properly. 

Since  the  tissues,  on  ultimate  analysis,  yield  mainly  car- 
bon,  hydrogen,  nitrogeu  and  oxygen,  it  might  be  supposed 
a  priori  that  a  supplv  of  these  elements  in  the  uncombined 
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sUte  would  serve  as  material  for  the  constructive  forces  of 
the  Body  to  work  with.  Expeiicncc,  however,  teuchee  us 
tliut  this  is  nut  the  case,  but  that  tlie  animal  bodv  requires, 
for  the  most  part,  highly  complex  compounds  for  the  con- 
structiou  of  new  tissue  elements.  All  the  active  tissues 
yiehl  on  analysis  large  quantities  of  proteids  which,  as 
pointed  out  in  Chapter  1.,  I'titer  always  into  the  structure  of 
protoplasm.  >iow,  so  far  i\»  wc  know  at  present,  the  animal 
body  is  unable  to  build  up  proteids  from  simpler  com- 
pounds of  nitrogen^  although  when  ^ven  one  variety  of 
tlicm  it  can  convert  that  one  into  others,  and  combine  them 
with  other  things  to  form  protopljwm.  Hence  proteids  are 
au  essential  article  of  diet,  in  order  to  replace  that  portion 
of  the  living  cells  which  is  daily  broken  doi^Ti  and  elimi- 
nated 111  the  fonn  of  urea  and  otluT  waste  substances. 
Even  albuminoids  (]>.  11),  although  ho  nearly  allied  to  pro- 
teids, will  not  serve  to  replace  thorn  entirely  in  a  diet;  a 
man  fed  abundantly  on  gelatin,  fats,  and  starches,  would 
starve  as  certainly,  though  not  so  quickly,  as  if  he  got  no 
nitrogenous  food  at  all;  his  tissue  waste  would  not  be  made 
good,  and  he  would  at  last  be  no  more  able  to  utilize  the 
energy-yielding  materials  supplied  to  him,  than  a  worn-out 
steam-engine  could  emjilov  the  heat  of  a  fire  in  its  furnace. 
So,  too,  the  animal  is  unahle  to  take  the  carbon  for  the 
oonstmction  of  its  tissues,  from  such  simple  compounds 
carbon  dioside.  Its  constructive  power  is  limited  to  the"* 
utilization  of  the  carbon  contjiincd  in  more  com])lex  and 
less  stable  compounds,  sucli  as  ju-otoids,  fats,  or  sugars. 

The  main  bulk  of  all  useful  foods  must  therefore  be 
made  up  of  complex  substances,  and  of  these  a  part  must 
Jjc  proteids,  since  the  Body  can  utilize  nitrogen  for  tissue 
formation  only  when  supplitnl  with  it  in  that  form.  The 
bodies  thus  taken  in  are  sooner  or  later  broken  down  into 
simpler  ones  and  eliminated;  some  at  once  in  order  to  yield 
energy,  others  only  after  having  tirt'L  been  built  up  into 
j)art  of  a  livinrr  cell.  The  purtiid  excej)tions  affordetl  by 
Bnch  losses  lu  thu  Body  as  milk  for  suckling  tlie  young, 
or  the  albnminous  and  fatly  bodies  stored  for  the  Bamo 
jturpose  in  tlio  egg  of  a  hinl,  jire  only  apparent;  the  cbemi- 
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cal  defT-adation  is  only  postponed,  taking  place  in  the  b(Kly 
of  Ute  oiTripring  instead  of  that  (»f  the  parent.  In  all  cases 
iinimalH  are  Ihurf,  essculially,  ]iroteid  consumers  or  wjwters, 
and  breakers  down  of  complex  bodietj;  the  earbon,  hydro- 
gen and  nitrogen  which  tlicy  take  as  foods  in  the  form  of 
complex  unstai>le  bodies,  ultimately  leaving  them  in  the 
simpler  compounds,  carbon  dioxide,  water,  and  urea; 
which  are  incapable  of  either  yielding  energy  or  building 
tissue  for  any  other  animal  and  so  of  serving  it  a^  food. 
The  question  immudiatelvHuggests  itself,  How,  since  animals 
are  constantly  I)reaking  uj>  thfse  complex  bodies  and  can- 
not again  build  tliom,  is  the  supply  kept  up  ?  For  cxam- 
ple»the  supply  of  protelds,  wliich  cannot  bo  made  artificially 
by  any  process  which  we  know,  and  yet  are  necessary  foods 
for  all  animals,  and  daily  destroyed  by  them. 

The  Food  of  Plants.  As  regards  our  own  Bodies  the 
fjueslion  at  the  end  of  the  last  paragraph  migiit  perluips  Iw 
answered  by  saying  that  we  get  our  proteids  from  the  flesh 
of  the  other  animals  which  we  eat.  But,  then,  we  Jiave  to 
account  for  the  possession  of  them  by  those  animals;  since 
they  cannot  make  them  from  urea  and  carbon  dioxide  and 
water  any  nuire  than  we  can.  The  animads  eaten  get  them. 
in  fact,  from  plants  which  arc  the  great  proteid  formers  of 
the  world,  so  that  the  nu*st  carnivopous  animal  really  de- 
pends for  its  most  essentml  foods  upon  the  vegetable  king- 
dom; the  fox  that  devours  a  hare  in  the  long  ran  lives  on 
the  proteidsof  thohorbs  that  the  bare  ha<l  ]iroviously  eaten. 
All  aninialn  are  tlius,  in  a  certain  sense,  jmrasites;  they 
only  do  half  of  their  own  nutritive  work,  just  the  linal 
stages,  leaving  all  the  rest  to  the  vegetable  kingdom  and 
using  the  products  of  its  labor;  and  plants  are  able  to  meet 
this  demand  l>ecause  they  can  live  on  the  simple  compounds 
of  carbon,  hydrogen,  and  nitrogen  eliminated  by  animals, 
building  up  out  of  thom  new  oomplcx  substances  which 
animals  can  use  as  food.  A  green  plant,  supplied  with  am- 
monia salts,  carbou  dioxide,  water,  and  some  mineralH,  will 
grow  and  build  ujt  large  (junntitifH  of  proteids,  fats,  starches, 
and  similar  things;  it  will  pull  the  stable  compounds  eli- 
minated by  animals  to  pieces,  and  build  them  up  into  com- 
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plox  unstable  bodies,  capable  of  vifUling  energy  when  again 
broken  down.  However,  to  do  such  work,  to  break  up 
stable  combinations  and  make  from  thcni  less  citable  needs 
a  supply  of  kinetic  energy,  wliich  disapjKjars  in  the  i>roce6a 
being  stored  away  ag  potential  energy  in  the  new  compound; 
and  we  may  a*^k  wlieuce  it  is  that  the  jilunt  gets  tJie  supply 
of  energy  which  it  thus  utilizes  for  chemical  constniction, 
since  its  simple  and  highly  oxidized  foods  can  yield  it  none. 
It  has  been  proved  that  for  this  purpose  the  green  plant 
uses  (he  energy  of  sunlight:  thoHCof  \{»  cells  which  contain 
the  sulwtjince  called  rhhrophyl  (leaf  green)  have  the  power 
of  utilizing  energy  in  the  form  of  light  for  the  perform- 
ance of  chemical  work,  just  as  a  steam-engine  can  utilize 
heat  for  the  performance  of  meclmnirnl  work.  ExjHis4'd  to 
light,  and  receiving  curUon  dioxide  fn>ni  the  air.  nnd  water 
and  ammonia  (which  is  produced  by  the  decompositinu  of 
un*a)  from  the  Kinl,  the  plunt  buihls  Ihcni  up  iigain,  with 
the  elimination  nf  oxygen,  into  coniplcx  boilies  hkc  thrtsi* 
which  animals  broke  down  with  fixation  f>f  oxygen. 
Some  of  the  bodies  thuA  formed  it  use**  for  it«  own  growth 
and  the  formation  of  new  protojdnsm.  just  as  an  animal 
does;  but  in  sunlight  it  forms  iimre  than  »t  uk's.  and  Ihe 
excess  j»ti»rwl  up  in  it.«  tissues  is  used  by  animals.  In  the 
long  run,  (hen.  all  the  energy  spent  by  t»ur  Hodies  eomes 
through  inillionH  of  miles  of  S}m<*e  from  the  sun;  hut  to 
seek  the  soun-e  of  its  supply  there  would  iukc  us  far  out  of 
the  domain  of  Physiology  (see  Astrorioiny). 

iron-Oxidi28blo  Foods.  H^'sirlcs  ouroxidizahle  food ^,  a 
large  numlM'r  (»f  necessary  fnod  niiitcrials  are  not  oxidisEa- 
ble.  or  at  Iciwt  are  not  oxidizc^l  in  ihe  Body.  Typlcad  in- 
stances are  afforded  by  water  and  commMii  salt.  The  use 
of  these  is  in  great  part  physieal;  the  water,  for  instance, 
dissolves  materials  in  the  alimentary  canal,  and  carries  the 
solutions  through  the  walls  of  the  digestive  tube  into 
the  blomi  and  lymph  vessels,  so  (hat  tliey  can  L»e  carrUMl 
from  part  to  part;  and  it  jiermits  interchanges  to  go  on  hv 
diffusion.  The  wdincs  also  influence  Ihe  solubility  anil 
chemical  interchanges  of  other  things  present  with  them. 
Serum  albumen,  the  chief  proteid  of  the  blood,  forexample. 
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is  iusohibic  in  pun*  water,  but  dLssoIves  roadilj  if  a  small 
quuijlity  rif  iirutrul  suits  is  prer^ent.  Besides  such  mseB  the 
n<)u-uxi(li^l>le  ftKxiH  Lave  prubably  utberti,  in  what  we  may 
call  machiaery  furmutiuu.  In  the  sult^  which  give  their 
hurdneas  to  the  bt]uc6  aud  teeth,  we  have  ai\  example  of 
such  an  em[>Ioyment  of  them:  and  to  a  Icna  extent  the 
same  may  be  true  of  other  tissues.  The  Body,  in  fact,  is 
not  a  mere  store  of  potential  energ)'  but  something  more — 
it  is  a  machine  for  the  disposal  of  it  m  certain  ways;  and, 
wherever  practicable,  it  is  clearly  advantageous  to  have  the 
purely  enorg-y-cxpcnding  parts  made  of  non-oxidizable  mat- 
ters, and  so  protected  from  change  and  the  necessity  of 
freijuent  renewal.  The  Body  is  a  self-building  and  self- 
repairing  nuichine,  .'iud  the  material  fur  this  building  aud 
repair  must  be  supplied  in  the  food,  as  well  as  the  fuels,  or 
oxidizahle  foods,  whicii  yield  the  energy  the  machine  ex- 
pends; and  while  oxpcrienco  shows  us,  that  oven  for  ma- 
chinery construction,  oxidizable  matters  are  largely  needed, 
it  is  neverthelesa  a  gain  to  replace  them  by  non-oxidizable 
substances  when  possible;  just  as  if  practicable  it  would  be 
advantageous  to  construct  an  engine  out  of  materials  which 
wuuld  not  nist,  although  other  conditions  determine  the 
use  of  iriin  for  the  greater  i)art  of  it. 

Definition  of  Fooda.  Foodtt  may  be  tkjined  tut  sub- 
atnnven  ivhich  arc  taken  into  the  alimentary  rutial,  and 
which,  whtn  absorbed  from  tt^  serve  either  io  supply  material 
for  the  growth  of  the  Body,  or  for  the  replacetnent  of  matter 
whiih  hoA  been  removed  from  it ^  either  after  oxidation  or 
urithout  having  been  oxidized.  Foods  to  replace  matters 
which  hiive  been  oxidized  must  be  themselves  oxidizable; 
tliey  are  force  yfinerators,  but  may  be  and  generally  are  also 
tissue  formers;  and  are  nearly  always  complex  organic  sub- 
stances derived  from  other  animals  or  from  plants.  Foods 
to  replace  matters  not  oxidized  in  the  Body  are  force  regu- 
lators, and  are  for  the  most  part  t(>Ierab)y  simple  inorganic 
com]»f>uuds.  Among  tlie  force  reguhitori^  we  must,  how- 
ever, include  certain  organic  foods  which,  although  oxidized 
in  the  Body  aud  serving  its  liberators  of  energy,  yet  produce 
effects  LoLaily  disproportionate  to  the  energy  they  set  free, 
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and  for  which  effects  they  are  taken.  In  other  words,  their 
inflneuce  as  stimuli  iu  exciting  certain  tissues  to  libcnite 
energy,  or  08  inhibitory  agents  checking  the  activity  of 
parts,  is  more  marked  than  their  direct  action  as  force  gen- 
erators. As  examples,  we  may  take  condiments:  mustard 
and  pepper  are  not  of  much  use  as  sources  of  energy,  al- 
though they  no  doul)t  yield  some;  we  take  them  for  their 
stimulating  effect  on  the  mouth  and  other  ])art8  of  the 
alimentar}'  cunal,  by  which  they  promote  an  increased  flow 
of  the  digestive  secretions  or  an  increased  ai)petite  for 
food.  Tliein,  again,  the  active  princij)le  of  tea  and  coffee,  is 
taken  for  its  stimuhiting  effect  on  the  nervous  system,  rather 
than  for  the  amount  of  energy  which  is  yielded  by  its  own 
oxidation. 

Conditions  which  a  Food  must  Pulllll.  (1)  A  food 
must  contain  the  eknicrits  whicli  it  i^  to  rephice  iu  the 
Body:  but  that  ah>neis  not  suihcii'iit.  The  elements  leav- 
ing th<?  Hody  being  URually  dnrivi-d  from  the  breaking  down 
of  complex  substances  in  it,  tlic  ft">d  must  contain  them 
either  in  the  form  of  snch  complex  substances,  or  in  forms 
which  the  Body  can  build  up  into  them.  Free  nitrogen 
and  hydrogen  are  no  use  as  foods,  since  they  are  neither  oxi- 
dizable  under  the  conditions  prevailing  in  the  Body  (and 
consequently  cannot  3'ield  it  cncrg}'),  nor  are  they  capable 
of  construction  by  it  into  its  tissues.  (2)  Food  after  it 
has  been  swallowed  is  still  iu  a  strict  sense  outside  the 
Body;  the  alimentury  canal  is  merely  a  tube  running 
through  it,  and  so  long  as  food  lies  there  it  docs  not  form 
any  part  of  the  Body  proper.  Hence  foods  must  be  capa- 
ble of  absorption  from  the  alimentiuy  canal:  either  directly, 
or  after  they  have  been  changed  by  the  processes  of  diges- 
tion. Carbon,  for  example,  is  no  use  as  a  food,  not  merely 
because  the  Body  could  not  build  it  up  into  its  own  tissues, 
but  because  it  cannot  Ikj  absor!>ed  from  the  alimentary 
canal.  (3)  Neither  the  s^ubstance  itself  nor  an}  of  the 
products  of  its  transformation  in  the  Body  must  be  inju- 
rious to  the  structure  or  activity  of  any  organ.  If  so  it  is 
a  poison,  not  a  food. 

'■*'mentary  Principles.    What  iu  oommun  language  we 
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commonly  call  foods  arc,  in  nearly  all  caacs,  mixturefl  of 
Bevenil  /oodsfuffs,  with  substances  which  are  not  foods  at 
all.  Bread,  for  example,  contains  water,  salts,  gluten  (a 
protcid),  some  fats,  much  starch,  and  a  little  sugar;  all  true 
foodstuffs:  but  mixed  with  these  is  a  quantity  of  celluhso 
(the  chief  chemicul  constituent  of  the  walls  which  surround 
vegetable  cells),  and  this  is  not  a  food  since  it  is  incapable 
of  absorption  from  the  aliment^iry  canal.  Chemical  exami- 
nation of  all  the  common  articles  of  diet  shows  that  the 
actual  number  of  important  foodstuffs  is  but  small:  they 
are  repeated  in  various  proportions  in  the  different  things 
we  cat,  mixed  with  small  quantities  of  different  flavoring 
substances,  and  so  give  us  a  pleasing  variety  iu  our  meals; 
but  the  essential  substances  are  much  the  same  in  the  fare 
of  the  workman  and  in  the  ^'delicacies  of  the  season.^' 
These  primary  foodstuffs,  which  are  found  repeated  in  so 
many  different  foods,  are  known  a&  ^Udiffien/nry  prina'pU.t;^^ 
and  the  physiological  value  of  any  article  of  diet  depends 
on  them  fai'  more  than  on  the  truces  of  flavoring  matters 
which  cause  certain  things  to  be  especially  sought  after  and 
BO  raise  their  market  value.  The  alimentary  principles 
may  be  conveniently  classified  into  proteids.  albuminoids, 
hydrocarbons,  carbohydrates,  and  inorganic  bodies. 

Froteid  Alimentary  Friuciples.  Of  the  nitrogenous 
foodstuffs  the  most  im|iortant  are  proteids:  they  form  an 
essential  part  of  all  diets,  and  are  obtained  botli  from 
animals  and  plants.  The  most  common  and  abundant  are 
myorfin  and  syutonin  which  exist  iu  the  lean  of  all  meats; 
egg  albumen;  casein,  found  in  milk  and  cheese;  gluten  and 
vegetable  eascin  fnnu  various  plunts. 

Albuminoid  Alimentary  Principles.  These  also  con- 
tain nitrogen,  but  cannot  replace  the  proteids  entirely  as 
foods;  though  a  man  can  get  on  with  less  proteids  when  he 
has  some  albummoids  in  juldition.  The  most  important  is 
gelatin,  which  is  yielded  by  the  white  fibruns  tissue  of 
animals  when  cooked.  On  the  whole  the  albuminoids  are 
not  foods  of  high  value,  and  the  culfs-foot  jelly  and  such 
compounds,  often  givon  to  invalids,  have  not  nearly  the 
nutritive  valao  they  aru  commonly  supposed  to  possess. 
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Hydrocarbons  (FaU  aitd  Oils),  The  most  important 
are  stearin,  pulmatin,  niargarin  and  ulein,  which  exi&t  in 
various  propurtions  in  animal  fats  and  vegetable  oils;  the 
more  fluid  containing  most  ulein.  Butter  connists  chiefly  of 
a  fat  known  as  butyrin.  All  are  neutral  compounds  of  gly- 
cerine and  fatty  acids  and,  speaking  generally,  any  such  sub- 
stuDce  which  is  fusible  at  the  temperature  of  the  Body  will 
iierve  as  a  food.  The  stearin  of  beef  and  mutton  fats  is 
not  by  itself  fusible  at  the  body  temperature,  but  is  miied 
in  those  foods  with  so  much  olein  as  to  be  melted  in  the 
alimentary  canal.  Beeswax,  on  the  other  hand,  is  a  fatty 
body  which  will  not  melt  iu  the  intestines  and  so  passes  on 
nnabsorbed;  although  from  its  composition  it  would  be 
useful  as  a  food  could  it  be  digested.  It  is  convenient  to 
distinguish  fafs  proper  (the  adipose  tissue  of  animals 
consisting  of  fatty  comjjounds  inclosed  in  albuminous  cell- 
walls)  from  oih,  or  fatty  bodies  wl»ich  arc  not  so  suiTounded- 

Carbohydrates.  These  are  mainly  of  vegetable  origin. 
The  most  imjHirtant  are  starch,  found  in  nearly  all  vege- 
table foods;  dextrin;  gums;  yrape  snijar  (into  which  starch 
is  converted  during  digestion);  and  cane  sugar.  Sugar  of 
milk  mid  gtgcogen  are  alimentary  principles  of  this  group, 
derived  from  animals.  AU  of  them,  like  the  fata,  consist 
of  carbon,  hydrogen  and  oxygen;  but  the  percentage  of 
oxygen  in  them  is  much  higher,  there  being  one  atom  of 
oxygen  for  every  two  of  hydrogen  in  their  molecule. 

Inorganic  Foods.  Water;  common  salt;  and  the  chlo- 
rides, phosphates,  and  sulphates  of  potassium,  magnesium 
and  calcium.  More  orlessof  these  bodies,  or  the  materials 
for  their  formation,  exists  in  alt  ordinary  articles  of  diet, 
so  that  we  do  not  swallow  them  in  a  separate  form.  Phos- 
phates, for  example,  exist  in  nearly  all  animal  and  vegetable 
foods;  while  other  foods,  as  casein,  contain  phosphorus  in 
combinations  which  in  the  Body  yield  it  up  to  be  oxidized 
to  form  phosphoric  acid.  The  same  is  true  of  sulphates, 
which  are  partially  swallowed  as  such  in  various  articles  of 
diet,  and  are  partly  formed  iu  the  Body  by  the  oxidation  of 
the  sulphur  of  various  proteids.  Calcium  salts  are  abun- 
dnnf.  in  bread,  and  are  also  found  in  many  drinking  waters. 
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Wat«r  and  tablo  salt  form  exoeptions  to  tbe  rule  that  in* 
orgnuiL'  bodies  are  eaten  imperce]>tibly  along  with  other 
thing.<,  sLMce  the  Body  loses  more  of  each  daily  tbau  id  usu- 
ally sujtjilied  in  that  way.  It  hiw,  however,  been  main- 
tained that  salt,  as  such,  is  an  unneccssiiry  luxury;  and 
there  fteema  some  evidence  that  certain  savage  tribes  live 
without  more  than  they  get  in  the  meat  and  vegetables 
they  eat.  Such  tribes  are,  however,  said  to  suffer  especially 
from  intestinal  parasites;  and  there  is  no  doubt  that  to 
civilized  man  the  absence  of  salt  is  a  great  dcprivatioti. 

Mixed  Foods.  These,  as  already  pointed  out,  include 
nearly  all  eomniou  articles  of  diet;  they  contain  more  than 
one  alimentary  principle.  Among  them  wo  lind  great 
differences;  some  being  rich  In  proteids,  othera  in  starch, 
others  in  fats,  and  soon.  The  formation  ofastnentific  die- 
tary depends  on  a  knowledge  of  these  characteristics.  The 
foods  eaten  by  man  are,  however,  so  varied  that  we  cannot 
do  more  than  consider  the  most  important. 

Flesh.  This,  whether  derived  from  bird,  beast,  or  fish^ 
consists  essentially  of  the  same  things — muscular  tibres, 
tendons,  fats,  blood-vessels,  and  nerves.  It  contains  several 
proteids  and  especially  myosin;  gelatin-yielding  matters 
in  the  white  fibrous  tissue;  stearin,  palnmtin,  margarin.  and 
olein  amon^  the  fals;  and  a  small  amount  of  carboKydratcs 
in  the  form  of  glycogen  and  grape  sugar;  also  itwsitfiy  a 
kind  of  sugar  found  only  in  muscles.  Flesh  also  contains 
much  water  and  a  considerable  number  of  salines,  the  most 
important  anil  abundant  being  potassium  pho8j)haie.  Os' 
mazome  is  a  crystalline  nitrogenous  body  which  gives  much 
of  its  taste  to  flesh;  and  small  quantities  of  various  similar 
substances  exist  in  different  kinds  of  meat.  There  is  also 
more  or  less  yellow  elastic  tissue  in  flesh;  it  is  indigestible 
and  useless  as  food. 

Wlieu  meat  is  cooked  its  white  ilbrous  tissue  is  turne<l 
into  gelatin,  and  the  whole  mass  bucouH-s  tlius  softer  and 
more  easily  disintegrated  by  the  teetli.  Wlicn  boiled  much 
of  the  proteid  mjittcra  of  the  meat  pasn  out  into  the  l)roth, 
and  there  in  part  coagulate  and  form  tho  ftcum  :  this  h)sa 
may  be  prevented  in  great  part,  if  it  is  not  intended  to  use 
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the  broth,  by  pattiiig  the  mw  meat  at  once  into  boiling 
vater,  which  coagulates  the  surface  an>unnTi  before  it  dis- 
solves out,  and  this  keeps  in  the  rc^t.  In  an)'  case  the 
myosin,  being  insohible  in  water,  remains  behind  in  the 
boiled  meat.  In  baking  or  roiuiting,  all  the  solid  parts  o£^ 
the  Hcsh  arc  preserved  and  certain  agreeably  flavored  hodie*^ 
are  produced,  as  to  the  uature  of  which  little  is  known. 

Eggs.     Tliese  contain  a  large  amount  uf  egg  albumun 
and,  in  the  yolk,  another  proteid,  known  as  vitellin.     Also 
fats,  and  a  subsianre  known   jus  hrifhiu  (p.  14),  which  ii 
important  as  containing  a  considerable  quantity  of  phos-1 
phorus. 

Milk.  This  contains  the  proteid  known  as  casein;  several 
fatsin  the^?///er;  a  carbohydrate,  r/ii7)t^</rtr;  much  water; 
and  salts,  espivi:dly  jiotassium  and  calcium  phosphates. 
Butter  is  mainly  made  of  butyrin,  a  con.pf»und  of  but^Tic  acid 
and  glycerine.  In  the  milk  it  ie  ditf^eminated  in  the  form  of 
minute  globules  which,  for  tlio  most  pai't,  float  up  to  the  top 
when  the  milk  is  let  bUmd  and  then  form  the  cream*  In 
this  each  fat  droplet  is  8urri>unded  by  a  pellicle  of  idbumi- 
nous  matter;  by  churning,  these  ]>ellicles  are  broken  up  and* 
the  fat  droplets  ma  together  to  form  the  butter.  Casein  is 
insoluble  in  water,  aud  in  the  milk  it  is  dissolved  by  the 
alkaline  salt^  present.  When  milk  is  kept  its  sugar  fer- 
ments and  gives  rise  to  lactic  acid,  which  neutralizes  the 
alkali  and  precipitates  the  ca^eiu  as  curds.  In  cheese- 
making  the  casein  is  similarly  precipitated  hy  the  addition 
of  an  lu'id  and  (the  whey  being  pressed  out)  it  constitutes 
the  main  bulk  of  the  cheese. 

Vegetable  Foods.  Of  these  wheat  affords  the  l>est.  In 
lOOO  i»arts  it  contains  135  of  proteids,  5G8  of  stjirch,  46  of 
dextrin  (a  carlxdiydrate),  49  of  grape  sugar,  19  of  fat-s, 
and  32  of  cellulose,  the  remainder  being  water  aud  salts. 
The  proteid  nf  wheat  is  mainly ///M/en,  which  wlien  moist- 
ened with  water  forms  a  lenacioua  moss,  and  this  it  is  to 
which  wheatea  bread  owes  lis  superiority.  When  the 
dough  IS  made  yeast  is  added  to  it,  and  produces  a  fermen- 
tutiou  by  M'hich.  among  other  things,  cnrbtm  dioxide  gafl 
is  produced.    This  gas,  imprisoned  in  the  tenacious  dough. 
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and  cx|inni]ti(i  during  baking,  furtns  cavities  tn  it  and  cuu^s 
it  to  *'rise"  and  niuke  *' I'l^'lit  bread/*  which  is  not  only 
more  pleiisanttocut  hut  more  digestible  Lium  heavy.    Otiier 
cereals  may  contain  a  larger  percentage  of  Htan-h  but  none 
have  so  nuicit  gluten  as  wheat;  when  breaii  is  made  from 
them  the  cuilxin  dioxide  gas  escapes  so  rea<lily  from  the  less 
tenacious  douj^th  that  it  does  not  expand  the  masH  propoiiy. 
Coru  eontainti  in  1000  parts,  TU  of  proteids,  037  of  starch,  and 
fr4fm  50  to  87  of  fats;  much  more  than  any  other  kind  of 
grain.     Rite  is  poor  in  proteids  {'tG  parts  in  lOOO)  but  y<ny 
rich  in  starcli  {H^i'S  \ydr\s  in  looo).     /'wwand  ifmn-9  are  rich 
inprf>tei<ls  (fr()ni  220  to  200  parts  in  lOfJW),  and  contain  about 
hulf  their  weight  of  starch.     Potatoes  are  a  poor  food.     They 
contain  a  great  deal  of  water  and  cellulose,  and  only  about 
13  parts  of  protcidsand  154  of  starch  in  lOtM).     Other  fresh 
vegotahles,  m  cjirrots,  turnips  and  cahhaged,  are  valuable 
mainly  for  the  salts  they  contain;  their  weight  is  mainly  duo 
to  water,  and   tlioy  contain   but    little  starch,  proteids, 
or  fats.    Fruits,  like  most  fresli  vegetables,  arc  mainly  vain- 
able  for  theirsaline  constituents,  the  other  foodstuffs  in  them 
being  only  present  in  small  proportion.      Some  form  of 
fresh  vegetables  is,  however,  a  necessary  article  of  diet;  as 
shown  by  the  scurvy  which  nscd  to  prevail  among  sailors 
before  fresh  vejjetables  or  lime-juice  were  Rni)plied  to  them. 
The  Cooking  of  Vegetables.    This  is  of  more  importance 
even  than  the  cooking  uf  lloeli,  since  in  most  the  main  ali- 
mentary principle  is  starch,  and  raw  st^irch  is  difficult  of 
digestion.     In  plants  starch  is  nearly  always  stored  up  in 
the  form  of  solid  granules,  which   consist  of  alternating 
layers  of  stnrr.h  cellulose  and  starch  granulose.     The  diges- 
tive fluids  turn  the  starch  into  grape  sugar  which  is  soluble 
and  can  be  absurlied  from  the  alimentary  canal,  while  starcli 
itself  cannot.     Now  these  Ihiids  act  very  slowly  and  imper- 
fectly on  raw  starch,  and  then  only  on  the  granulosc;  but 
when  lM>iIcd,  the  starch  grannies  swell  up,  and  are  more 
readily  converted  into  grape  sugar;  and  the  starch  eellnlnse 
is  so  altered  that  it  too  undergoes  that  change.    When  starch 
is  roasted  it  is  turned  into  a  subsUince  known  as  soluble 
starch  which  is  readily  dissolved  iu  the  alimentary  caual. 


304 


TBS  Htr^fAy  BODY, 


There  is  therefore  a  scientific  foundation  for  the  common 

belief  that  the  cntst  of  a  loaf  is  more  digestible  than  the 
cninih.  and  toast  thttn  ordinary  bread. 

Alcohol.     There  are  perhaps  no  common  articles  of 
diet  concerning  which  more  contradictory  statements  have 
been  made  than  alcohulio  drinks.     This  depends  upon  their 
peculiar  position:  according  to  quantity  or  circumstances 
alcohol  may  be  a  poison  or  a  food;  and  as  a  food  it  may  be 
regiirded  either  as  a  force  regulator  or  a  force  generator. 
There  is  no  doubt  that  alcohol  in  certain  doses  may  be  prop- 
perly  called  a  food.      If  not  mure  than  two  ounces  (which 
would  be  contained  in  about  four  ounces  of  whiskey  or  two 
quarts  of  lager  beer)  are  taken  in  the  twenty- four  hours,  it 
is  completely  oiidized  in  the  Body  and  excreted  as  water 
and  carbon  dioxide.      In  this  oxidation  energy  is  of  course 
liberated  and  can  be  utilized.      Commonly,  liowever,  alco- 
hol is  not  taken  for  this  purpose  but  as  a  force  regulator, 
for  its  influence  on  the  nervous  system  or  digestive  organs, 
and  it  is  in  this  capacity  that  it  becomes  dangerous.     For 
not  only  may  it  be  taken  in  quantities  so  great  that  it  is 
not  all  oxidised  in  the  Body  but  is  passed  through  it  as  alco- 
hol, or  even  that  it  acts  as  a  narcotic  poison  instead  of  a 
stimulant,  hut  when  taken  in  what  is  called  moderation 
there  can  be  no  doubt  that  the  constant  '*  whipping  up"  of 
the  flagging  organs,  if  continued,  must  be  dangerous  to 
tlieir  integrity.      Hence  the  daily  use  of  aluohol  merely  in 
such  quantities  as  to  produce  slight  exhilaration  or  to  facili- 
tate work  is  by  no  means  safe;  though  in  diKeaj:e  when  the 
system  wants  rousing  to  make  some  special  effort,  the  phy- 
sician cjinnot  dispense  with  it  or  some  otlier  similarly  act- 
ing substance.     In  fact,  aa  a  force  generator  alcohol  may  be 
advantageously  replaced  by  other  foods  in  nearly  all  cases; 
and  there  is  no  cridence  that  it  helps  in  the  consti-nction 
of  the  working  tissues,  though  its  excessive  use  often  leads 
to  an  abnormal  accumulatiou  of  fat.     Its  pro]»er  use  is  as 
a  "  whip,"  and  one  lias  no  more  right  to  use  it  to  the 
healthy  Body  than  the  lash  to  overdrive  a  willing  horse. 
The  physician  is  the  ])roi>er  jierson  to  determine  whether  it 
1b  wanted  under  any  given  circumstances. 
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rll  alcohol  is  to  l)e  used  iie  a  daily  article  of  diet  it  sliould 
Ik-  Iwrne  in  mind  tlmt  when  concentratod  it  coagulates  (he 
prutcids  of  the  cells  of  the  stomach  with  which  it  comes  in 
contact,  in  the  same  sort  of  way,  though  of  course  to  a 
much  leas  dcf^ec,  afi  it  shrivels  and  dries  up  an  animal  pre- 
served in  it.  Dilute  alcoholic  drinks,  such  as  claret  and  beer. 
are  therefore  far  less  baneful  than  whiskey  or  brandy,  and 
tliese  are  worst  of  all  in  the  almost  undiluted  form  of  most 
"  mixed  drinks."  For  the  same  reason  alcohol  is  fur  more 
injurious  on  an  empty  stomach  than  after  a  meal.  When 
the  stomach  is  full  it  is  diluted,  is  more  slowly  absorbed, 
and,  moreover,  is  largely  used  up  in  coagulating  the  jiroteids 
of  the  food  instead  of  those  of  the  lining  membrane  of  the 
stomach.  The  old  ''three  bottle*'  men  who  drank  their 
port-wine  after  a  heavy  dinner,  got  off  far  more  safely  than 
the  modem  ti]ipler  who  is  taking  ''nipa"  all  day  long, 
although  the  latter  iimy  imbibe  a  smaller  quantity  of  alco- 
hol in  the  twenty-four  hours.  By  fat"  the  best  way,  how- 
ever, is  to  avoid  alcohol  altogether  \n  health.  If  the  facts 
lead  us  to  conclude,  against  the  extremists,  that  it  is  to  a 
,  certain  extent  a  food,  it  is  nevertheless  a  dangerous  one; 

even  in  what  we  may  call  *' physiological  "  quantities,  or 
such  nmounts  as  can  be  totally  oxidixed  in  the  Body. 

The  Advantage  of  a  Mixed  Diet.  Tlie  necessary  quan- 
tity of  dally  food  depends  upon  that  of  the  niiitermi  daily 
lost  from  the  Body,  and  this  varies'  both  in  kind  and 
amount  with  tho  energy  expended  and  the  orjrans  most 
used.  In  children  a  certain  excess  beyond  this  is  lequireJ 
to  furnish  materials  for  growth.  Although  it  is  impossible 
to  l;iv  down  witli  perfect  accniwy  how  much  dailv  food  any 
individnu!  rei|uircs,  slill  the  average  ipumtity  may  be  de- 
rived from  the  table  of  rlaily  losses  given  on  page  278. 
which  shows  that  a  healthy  man  needs  daily  in  assimilable 
forms  about  ^ZtA  grams  (4220  grains)  of  carbon  and  11> 
grams  (1:^92  grains)  of  nitrogen.  Thedaily  loss  of  hydrugcn 
which  is  very  great  (3.^2  grams  or  5428  grains),  is  nearly  all 
that  contained  in  water  which  has  been  drunk  and,  so  to 
speak,  merely  filtered  through  the  Body,  after  huvine 
assisted  in  the  solution  and  transference  through  it  of  other 
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suhpt4iTic<?i».  About  300  p^ms  (4o2()  grains)  of  water 
(containing  33.3  griimH  (513  grains)  of  h^nlrogen  arc,  how- 
ever, formed  in  the  Body  by  oxidation,  and  the  hydrogen  for 
this  purpose  must  he  supplied  in  tlie  form  of  some  oxidiza- 
ble  foodHtuff,  whether  protcid,  fat,  or  carbohydrate.  The 
oxygen  wanted  u  mainly  received  from  the  air  through  the 
Innge^  but  «ome  is  taken  in  tlie  food. 

Since  proteid  foods  contain  earbon,  nitrogen  and  hydro- 
gen, life  may  be  kept  up  on  them  alone,  with  the  necessary 
Baits,  water  and  oxygen;  but  ^uch  a  form  of  feeding  would 
he  anything  but  economical.  Ordinary  proteids  contain  in 
100  parts  (p.  10)  about  52  of  carl)on  and  15  of  nitrogen,  so 
a  man  AhI  on  them  alone  wrmld  got  about  3i  parts  of  carbon 
for  every  1  of  nitrogen.  His  daily  losses  are  ni>t  in  this 
ratia,  but  about  that  of  :i74  grams  (4320  gniins)  of  carlwn 
to  20  grams  (308  grains)  of  nitrogen,  or  as  13.7  to  1;  and 
BO  to  get  enough  oarb*in  from  proteids  far  more  tlian  the 
Decessar}'  amount  of  nitrogen  must  be  taken.  Of  dry 
proteids  527  grams  (8116  grains)  would  yield  the  necessary 
carbon,  but  would  contain  7!»  grains  (1317  grains)  of 
nitrogen;  or  four  times  more  than  is  necessary  to  cover  the 
daily  losses  of  that  element  fnmi  the  Ihxly.  Fed  on  a 
jum^ly  pniteid  diet  a  man  wuuld,  llicrefore,  have  to  digest  a 
vast  ipnintity  to  get  enough  carbon,  and  in  eating  and 
abnorbing  it,  as  well  jis  in  getting  vid  of  the  extra  nitrogen 
winch  IS  useless  to  luni,  a  great  deal  of  nnuecest-ary  labor 
would  be  thrown  upon  the  various  organs  of  his  Body. 
Similarlv,  if  a  man  were  to  live  nn  bread  alone  he  would 
burden  his  organs  with  niiioh  uaelens  work.  For  bread 
contains  but  Itltlo  nitrogen  in  jiroportion  to  its  carbon,  and 
so,  to  get  enough  of  the  former,  far  more  carbon  than  Avaa 
utilized  woidd  have  to  be  eaten,  digested,  and  eliminated 
daily. 

Accordingly,  we  find  that  mankind  in  general  employ  a 
mixed  diet  when  they  cjin  get  it,  using  richly  proteid  sub- 
stances to  supply  the  nitrogen  ncedoiK  but  denving  the 
carbon  mainly  from  noii-nitrogenous  foods  of  the  fatty  or 
carbohvdrate  groups,  and  so  avoiding-excess  of  either.  For 
instance,  lean  beef  contains  about  \  of  its  weight  of  dry 
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proteid.  whicli  contains  15  per  cent  of  nitrogen.  Conse- 
quently the  133  grams  (2048  grains)  of  proteid  which 
would  be  found  in  532  gratns  (I  lb.  3  oz.)  of  lean  uieat 
would  supply  all  the  nitrogen  needed  to  comj^ensate  for  a 
day's  losses.  But  the  proteid  contains  52  per  cent  of 
carbon,  so  the  amount  of  it  m  the  al>i>ve  weight  of  fatless 
meat  would  Ix?  09  grams  (1U62  gniius)  of  carbon,  leaving 
205  grams  (3157  grains)  to  be  got  either  from  fat*  or  car- 
bohydrates. The  necessary  amount  would  be  contained 
in  about  25*1  grams  (3942  gniins)  of  ordinary  fats  or  4*10 
grams  (T0S4  g^alns^  of  starch;  hence  eitlicr  of  these,  with 
the  above  quantity  of  lean  meat,  would  form  a  far  better 
diet,  both  for  the  purse  and  the  system,  than  the  meat  alone. 
As  already  ])ointed  out,  nearly  all  common  f<x)ds  contain 
several  foodstuffs.  Good  butcher's  meat,  for  example* 
contains  nearly  half  its  weight  of  fat;  and  bread:  besides 
proteids.  contains  starch,  fats,  and  sugar.  In  none  of  them, 
however,  are  the  foodstuffs  mixed  in  the  i^liytiologically 
best  projiortions,  anil  the  practice  of  employing  several  of 
them  at  each  meal  or  different  ones  at  different  meals 
dunng  the  day,  is  thus  not  only  agreeable  to  the  palute  hut 
In  a  high  degree  advantageous  to  the  Body.  The  strict 
vegetarians  who  do  not  employ  even  such  substances  ad 
eggs,  cheese,  and  milk,  but  confine  themselveji  to  a  purely 
vegetable  diet  (such  as  is  always  poor  iu  proteids).  daily  take 
far  more  carbon  than  they  re*|uire,  and  are  to  be  congratu- 
lated on  their  excellent  digestions  which  are  able  to  stand 
the  strain.  Those  who  use  eggs,  cheese,  etc.,  can  of  course 
get  on  very  well,  since  such  substances  are  extremely  rich 
in  proteids,  and  supply  the  nitrogen  needeil  without  the 
necessity  of  swallowiug  the  vast  bulk  of  food  which  must 
be  eaten  in  order  to  get  it  from  plants  directly, 


CHAPTER  XXI. 

THE   ALIMZXTAEY    CAXAL  AKD  ITS  MVES- 

liAGES. 

G«nerml  AxrvogmoBiB-     Tii*-  hlimraiarr  canal  k  eno- 

lor  a\>!»-.tr:i:i.c..  &iiZ  f.'nL::-r  &  rciie  vbicfa  muf  ihrfno. 
ihf  B.»c\  'F.r.  i'  :  ::  ■:*  >u.n.zn.)'.-ii.'*^  th-lD  the  ertemff  a: 
ihrtt  ;•-■  r.:.-  :::;  :;  »>-.  ::»*  :i;:c:l.  faud  tbe  anal  apertintu 
a*  ■wiii'.-i:  t:.;*  r^  liir-vi  ff.::..    -r  it.-tt'^m*-  m^mbftfiiu  if  «hh 

*"Trf-:.r;".'r  tt.  tv^   ::.>.  :_:.l  ;j"-:   tlr-     :l  Tt^r;  iLHs/Tilar  a&c 

••::f  r*i  :  tL-r  .■::-r.  1:.  ::•*•  vi^.--  *  li^*  «»iial  *^ 
i.-TTir-r  '--  "j;*"!  ^.Tiil  .""il:*:.^:  .  f-rr^j-r-r  v;-)C'L  carry  uff  ibf 
=.fcr>r»  L-'--.-.--"  1-  n.  :>  .-:.-":  ^^.-i  :i-r-rt  hJ«'  ir'OSi  ii 
•t- -M.-r' :'•:.■»  --.  *i:r_-rr  _-  '' *  i^.  ti  sr  f::iirr):»i.  zi  »  ■<<• 
jf''^.-  .-  *  *  ■ii'-  •-.  -  K-"— .-  ,,>  V-;,  :.  T.if-r:  li  ?.'-Tert  i^ir- 
*^i-'  .7  •:•  '.»>--«.  ii-  V  :::  i.-.rrF-.st  r^:*Tie  atia^'Ci- 
t>vr.  S.'T  s  '  •-.*.*«  7,L- -_-  i-i  i:..i,r:-  i-z.5  :iLrie5a*c  n. 
'".«-  -rt  .-   "f  'v»   i    - »" -.^'-  --, -^     --.:.    '-'    -tiiK^  ;?aa. 

r.fc  •  '  -A'  -,»      ■'■:  r  •.■•••:  r  ■'  •,;    •_-  LT-:  .-arr.-ed  t''"  cuf^ 
Su)>4jriJM</fji*  '/f  If**  kiiUMefiTju^  C»ital.       T:  f    sl-'TU. 


MOUTH  CAvrrr. 


800 


^^ 


j.-y 


ceeded  bv  the  phaiynx  or  throat  cavity^  which  narrows  at 
the  top  of  the  neck  iuto  the  gullet  or  anophaffua;  this  ruus 
down  through  tlio  thorax  and,  piissiug  through  the  dia- 
phragm,, dilates  in  the  upper  part  of  the  ubdominul  cavity 
into  the  stomach.  Be^rond 
the  stomach  the  channel  again 
narrows  to  form  u  long  and 
greatly  coiled  tube,  tiie  amall 
inisstinej  which  termiuaten  by 
opening  into  the  large  intes- 
tine, much  shorter  although 
wider  than  the  small,  and  ter- 
minating by  an  opening  on 

the  exterior.  M  A.^ J^i^^HDBIF- 1 

The  Mouth  Cavity  (Fig. 
89)  is  bounded  in  front  and 
on  the  sides  by  the  lips  and 
cheeks,  below  by  the  tongue, 
k,  and  above  by  the  palate; 
which  latter  consists  of  an  an- 
terior part,  /,  supported  by 
bone  and  called  the  hard  pal- 
ale.,  and  a  posterior,  /,  con- 
taining no  bone,  and  called 
the  mft  palate.    The  two  can  ^'^jTll 

re«'KiiIy  be  distinguished  by 
applying  the  tip  of  Ihe  tongue 
to  the  roof  of  the  mouth  and 
drawing  it  backwards.  The 
bard  palate  forms  the  parti- 
tion between  the  mouth  and 
nose.  The  soft  palate  arches 
down  over  the  back  of  the 
mouth,  banging  like  a  cur- 
tain between  it  and  the  j)harynx.  as  ran  bo  seen  by  holding 
the  mouth  open  in  frout  of  a  looking-ghiss.  From  tho 
middle  of  its  free  border  a  (!unK'al  process,  theticu/a,  hangs 
down. 

The  Teeth.    Immediately  within  the  cheeks  and  lips  are 


Fio.  ftO  — Tbf  mmith.  ooMftand  ph*< 
O'ux.  with  the  coium'*ncemput  of  Ihe 
iruU«t  and  larrnx.  as  expoMKi  hr  a 
neetion.  a  littlr  to  the  It* ft  of  the  iii«» 
dlati  plane  of  the  heAd.  a,  vertebral 
column  ;  b,  gullet  ;  c,  windpipe  :  d, 
\mrynx  :  r,  epiKlottiti ;  f  soft  nnlale  ; 
I/.  'rip«<i)mg  of  Eustarhian  tube  :  k. 
UmfCiie  ;  '■  hard  palate  ,  m.  the  ^phe- 
fiold  Inne  on  lli**  r>afifl  of  the  »kuU :  n, 
the  f'lri*  part  ''if  the  cranio]  cnvlly  ; 
it.  p.  q,  the  ttihlnate  hones  of  the  out- 
er blilt!  of  th«  icft  nostra  chamber. 
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two  scmirircleB,  formed  hy  tlip  lM)rdcrs  of  (ho  upper  and 
lower  jjiw-bonei*,  wliieh  uro  covorud  hs  the  tjums,  except  at. 
intervals  along  their  edges  where  thev  contiiin  sockets  in 
which  the  teeth  are  iniphuited.  During  life  two  sets  of 
teeth  are  developed;  the  \\y^\  or  inilk'  sef  Jiitpearssoon  after 
birth  and  is  shed  during  childhood,  when  the  second 
or  pertiiiutcnf  vef  appears. 

Till!  tticth  diiler  lu  minor  points  from  one  another,  but 
in  dl  three  parU  ure  di^Linguit^huble;  one,  seen  in  the 
mouth  and  called  the  crown  of  the  touth;  a  second,  im- 
bedded m  the  jaw-bone  and  called  the  root  nr  fang ;  and 
between  the  two,  embraced  bv  the  edge  of  the  gunu  is  a 
narrowed  j»ortion,  the  neck  or  cervix.  From  differences  in 
their  forms  and  uses  the  teeth  ai-e  divided  into  incisors, 
caninrs,  Mrus/iffLt,  and  wolnrs,  arranged  in  a  definite  oi-der 
in  eacli  jaw.  Beginning  at.  tlie  middle  line  we  meet  in 
each  half  of  each  jaw  with,  succesfcively.  two  incisors,  one 
canine,  and  two  molars  in  the  milk-get;  making  twenty 
altogether  in  the  two  jaws.  The  teeth  of  the  permanent 
set  arc  thirty-two  in  number,  eight  in  each  half  of  each 
jaw,  viz. — beginning  at  the  middle  line — two  incisors,  one 
canine,  two  bicusspids,  and  three  molars.  The  bicuspids,  or 
premolars,  of  the  permanent  set  replace  the  milk  molars, 
while  the  iKnitiaucnt  molars  are  new  teeth  added  on  as  the 
jaw  grows,  and  not  substituting  any  of  the  milk  teeth. 
The  hindmost  permanent  molars  iwa  often  called  the  wis- 
rfom  ttfih. 

Characters  of  Individual  Teeth.  The  incisortt  (Fig. 
00)  arc  adajiled  fur  cutting  ihe  food.  Their  crowns  are 
chisel -shaped  and  iiave  sharp  horizontal  cutting  edges, 
which  become  worn  away  by  use  so  that  tl»ey  are  beveled 
off  behind  in  the  uj)per  row,  and  in  the  opposite  direction 
in  the  lower.  Each  has  u  single  long  fang.  The  a/nines 
(Fig.  U\)  are  somewhat  larger  tlian  the  incisors.  Their 
crowns  are  thick  and  somewhat  conical,  having  a  central 
|>oint  or  eui*p  on  the  cutting  edge.  In  dogs,  cat*,  and 
other  cnrnivora  the  canines  are  very  large  and  ada|)ted  for 
seizing  and  holding  p»ey.  The  bicvspids  or  prrnwhrti 
(Fig.  92)  are  rather  shorter  than  the  canines  and  their 


THE  TEETU. 


311 


crowns  are  sotnewhHt  cuboidul.  Each  has  two  cusps^  an 
outer  towards  the  cheek,  and  an  inner  on  the  side  turned 
towards  the  interior  of  the  mouth.  The  fang  is  compressed 
latcr.illy,  and  has  usually  a  groove  partially  ^ubdividiug  it 


Fio.ff). 


Fio.  W. 


ria.BL 


Via.  03. 


FSa.  to.— An  fnrlaor  toolb. 
Fio.  91.— A  ratline  dr  «3>p  tOOih. 
Fio.  W.— A  bicnspid  touUi  seen  from  lis  outer  tide:  the  loner  casp  la,  aocord- 
ioely,  nol  yislbJc. 
Flu.  03— A  uMiIftr  tooth. 


into  two.  At  its  tip  the  separation  is  oft^^n  complete. 
The  molar  tedh  or  ifrindevs  (Fig.  93)  have  Uirge  crowns 
with  broad  surfaces,  on  which  are  four  or  live  projecting 
tul)ercles,  which  roughen  them  and  miike  them  better  adapt- 
ed to  crush  the  food.  Eat^h  has  usually  several  fangs.  The 
milk  teeth  only  differ  in  subsiduiry  points  from  tliose  of 
the  same  iinnies  in  the  permanent  set. 

The  Struetur©  of  a  Tooth.  If  a  tooth  Ix^  broken  open 
a  cavity  extending  through  both  crown  and  fang  will  t»o 
found  in  it.  This  iB  filled  during  life  with  u  soft  viiscular 
pulp,  and  hence  is  known  as  the  •'pulp  cjivity"  (r,  Fiti;. 
94).  The  hard  parta  of  the  tooth  disposed  around  the  pulp 
cavity  consist  of  three  ditTerent  tisanes.  Of  those  one  ini- 
modiatoly  surrounds  the  cavity  and  makes  up  most  of  the 
bulk  of  the  tooth;  it  is  dentine  {1,  Fig.  94);  covering  the 
dentine  on  the  crown  is  the  ennmel  (1,  Fig.  94)  and,  on  the 
fang,  the  cement  (3,  Fig.  9-1). 

The  pulp  cavity  opens  below  by  a  narrow  apertnre  at  the 
tip  of  the  fang,  or  at  the  tip  of  each  if  the  toorh  has  more 
than  one.  The  pulp  consists  mainly  of  connective  tissue, 
but  its  surface  next  the  dentine  is  covered  by  a  layer  of 
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columtiflr  cells.     Tliroiigli  tho  opening  on  the  fang  blood- 
vessels and  nerves  enter  the  pulp. 
The  dentine  yields  on  chemical  analysis  the  same  mate- 


Fio.  D4.— SM*tion  thmufrh  a  pn'Tnol&r  tootli  of  the  caf  »till  imbedded  tu  ir« 
■ocket.  1.  eiuuiict;  ^.tlrotlnr.  3.  n>mcnt;  4,  the  rum.  5.  Um  baai>  of  Uielowcu* 
Jtw  ;  r.  tbv  pulp  cftvifv 

rials  as  bone  but  is  somewhat  liarder,  earthy  matters  con- 
stituting 72  per  cent  of  it  iis  jigiiin^t.  fi6  per  rent  in  hone. 
Under  the  microtscojje  it  is  recognized  by  the  fine  dentinal 
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iubuUs  which,  radiating  from  the  pulp  cavity,  perforate  it 
throughout,  fiuiilly  ending  in  minute  branches  which  ojMjn 
into  irregular  cavities,  the  inierglobnlar  upaces,  which  lie 
just  beneath  the  enamel  or  cement.  At  their  widest  ends, 
close  to  the  pnlp  cavity,  the  dentinal  tubules  are  only 
about  0.005  millimeter  (^g'^p  of  an  inch)  in  diameter. 
The  ceffunt  is  much  like  bone  in  structure  and  composition, 
poesessing  lacnnw  and  canaliculi  but  ntrcly  any  Harersian 
canaU.  It  is  thickest  at  the  tip  of  the  fang  and  thins 
away  towards  the  cervix.  Enamel  is  the  hardest  tissue  m 
the  Body,  yielding  on  analysis  only  from  two  per  cent  to 
three  per  cent  of  organic  matter,  the  rest  being  mainly 
calcium  phosphate  and  carbonate.  Its  histological  ele- 
ments arc  minute  hexagonal  prit^me,  closely  packed,  and  set 
on  vertically  to  the  surface  of  the  subjacent  dentine.  It  is 
thickest  over  the  free  end  of  the  crown,  until  worn  away  by 
use.  Covering  the  enamel  in  unworn  teeth  is  a  thin  atruc- 
tureless  homy  layer,  the  enamel  cuticle. 

The  Tongue  (Fig.  95)  is  a  muscular  organ  covered  with 
a  mucoud  membrane,  extremely  mobile,  and  endowed  not 
only  with  a  delicate  tactile  sensibility  but  with  the  ter- 
mmal  organs  of  the  special  sense  of  taste;  it  is  attached 
by  its  root  to  the  hyoid  bone,  lU  upper  surface  is  covered 
with  small  eminences  or  papUla^  much  like  those  more 
highly  developed  on  the  tongue  of  a  cat,  where  they  are 
readily  felt  On  the  human  tongue  there  are  three  kinds 
of  papillie,  the  rirntmvaUafe^  the  fiuiffiform,  and  the  fili- 
form. The  circumvallate  papillie,  1  and  2,  the  largest 
and  least  numerona,  are  from  seven  to  twelve  in  number 
and  lie  near  the  root  of  the  tongue  arranged  in  the  form  of 
a  V  with  its  open  angle  turned  forwards.  Each  is  an  ele- 
vation of  the  mucous  membrane,  covered  by  epithelium, 
and  surrounded  by  a  trench.  On  the  sides  of  the  papilla, 
imbedded  in  the  epithelium,  are  small  oval  bodies  (I'ig.  155)* 
richly  supplied  with  nerves  and  supposed  to  be  concerned 
m  the  sense  of  tu^tc.  and  hence  called  the  tnHte  bn(U 
(Chap.  XXXIV.).  'Ihe  fniifff/orm  paptll(P,3,  are  rounded 
elevations  ultacheU  by  stmiewhat  uairower  stalks,  and  found 
all  over  the  middle  and  fore  part  of  the  upper  surface  of 
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the  tongue.  They  are  eajaily  recognized  on  the  living 
tongue  by  their  bright  red  color.  Tin:  filifonti  pnpiUrr^ 
most  numerous  and  smallest,  are  sciittercMl  all  over  The  dor- 


Fio.  t6.-Tb#  upprr  surfaiv  at  tbo  toninip.   1,  S.(Jlrcumv&Uate  paiillUe:  9,ftio- 
irirortn  papilliJv  4,  niiri*rm  iMipiUa-;  n.  niutroiMKla'xls;  7,  timslUi  B,  pftrtofi«pl 

Sinn  of  the  toiigtio  exfei»l  near  it^  hase.  Eai-h  is  u  conical 
eiuiuence  covered  hy  a  (hick  horny  layer  of  epithelium. 
It  is  these  papllli?  which  are  so  highly  develojwd  on  the 
tongues  of  Cnrnivom,  and  serxe  them  tu  ecrnj^e  bones  clean 
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of  even  such  tough  sirurtures  as  ligaments.  Tamed  tigers 
have  bei^n  known  to  draw  1)1o«k1  by  licking  the  hand  nf  their 
master. 

Noh.  In  health  the  snrfiu'e  of  the  tongue  is  moist, 
covered  by  little  "  fnr,"  and  in  childhood  of  a  red  color. 
Ir.  adult  life  the  nntui-al  color  nf  tlit'  1i»nguo  is*  le!».s  red,  ex- 
cept around  the  edgivs  and  tip;  a  bright  rwi  glistening 
tongue  being,  then,  usually  a  8yni]»tom  of  disease.  When 
the  digestive  organs  arc  deranged  the  tongue  is  commonly 
Covered  with  a  thick  yellf»wi?h  coat,  composed  of  a  little 
mucus,  a  few  cells  of  epithelium  nhed  from  the  surface,  and 
numerous  microscopic  organisms  known  as  bacteria;  and 
there  is  frequently  n  *' bad  taste''  in  the  mouth.  The 
whole  alimentary  mucous  membrano  is  in  close  physio- 
logical relationship;  and  anything  disordering  the  sto- 
mach  is  likely  to  prudiu»e  a  ''furred  tongue." 

The  Salivary  Glands.  The  saliva,  which  is  poured  into 
the  mouth  and  wliirii,  mixe<l  with  the  secretion  of  minute 
:ilandrt  imbedded  in  its  lining  menihranc.  moistens  it,  is 
ffccreted  by  three  pairs  of  gland?,  the  pantf  id,  ih^  }<tfOmaxil- 
farif  and  the  sublimjuaL  The  ]>arotid  glands  lie  in  front 
nf  the  ear  behind  the  ramus  of  the  hiwer  jaw;  each  sends 
lis  secretion  into  the  mouth  by  a  tubi'  known  a,s  Simon  a 
thtrt,  which  crosi^es  theehcek  and  o])cns  oj>posite  the  second 
upper  molar  tooth.  In  the  dlae-ase  known  as  mumfru  tho 
]»arotid  glands  are  inflamed  and  enlarged.  The  submaxillary 
glands  lie  between  the  halves  of  the  lower  jaw-bone,  near 
Its  angles,  and  their  duct-s  open  beneath  the  tongue  near  the 
middle  lino.  The  sublingiud  glands  lie  beneath  the  floor 
<)f  tijc  mouth,  covered  by  its  mucous  membrane,  between 
the  back  part  of  the  tongue  and  tho  lower  jaw-bone.  Each 
has  many  ducts  (H  to  *^0),  some  of  which  join  the  subnnixil- 
lary  duct,  while  tho  rest  open  separately  in  the  floor  of  the 
month. 

The  Fauces  is  the  name  given  to  the  aperture  whieh  can 
l>c  seen  at  the  back  of  the  mouth  (Fig.  80),  leading  from  it 
into  the  pharynx  below  the  soft  palate.  It  is  bounded 
above  by  the  soft  palate  and  nvnia.  below  by  the  root  of  the 
tongue,  and  on  the  sides  by  musciilar  elevations,  covered  by 
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macoiu  membrane*  which  reach  from  the  soft  palate  to  the 
tongue.  Thefie  elevations  are  the  piUart  of  iht  fauces. 
Each  bifarcate«  below,  and  in  the  hollow  between  its  din- 
Mona  liefi  a  html  (7,  Fig  ti5),  aeoft  rounded  bodvaboat  the 
aize  of  an  almond,  and  containing  nameroos  minute  glandft 
which  form  mncuB. 

yoU.  The  tonsils  not  unfreqnently  become  enlarged 
during  a  cold  or  sore  throaty  and  then  pressing  on  the 
Eustachian  tube  (Chap.  XXXIII.),  which  leads  from  the 
pharrnx  to  the  middle  ear,  keep  it  closed  and  produce  tem- 
porary deafness.  Somctimcfl  the  enlargement  is  permanent 
and  eaufnes  much  annoyance.  The  tonsils  can,  however,  be 
readily  removed  without  danger,  and  this  is  the  treatment 
lunally  adopted  in  such  CHjtes. 

The  Pharynx  or  Throat  Cavity  (Fig.  89).  This  por- 
tion of  the  alinicntarv  canal  may  be  described  a^  a  conical 
bog  with  its  broad  end  turned  upwards  towards  the  base  of 
the  skull,  and  its  narrow  end  downwards  and  parsing  into 
the  gullet.  It«  front  is  imperfect,  presenting  aperture-s 
which  Icwl  into  the  nose,  the  mouth,  and  (Ibrongh  the 
larynx  and  wlndpiiw*)  into  the  lungs.  Except  vhcn  food 
is  being  swullowed  the  soft  palate  hangs  down  i>etween  the 
mouth  and  pharynx;  during  deglutition  it  is  raised  into  a 
horizontal  jK>8ition  and  eei)arates  an  upper  or  respiratory 
fK/rti^n  of  the  pharynx  from  the  rest.  Through  this 
upper  part,  therefore,  air  alone  pusses,  entering  it  from  the 
posterior  ends  of  the  two  nostril  chambers;  while  through  the 
lower  portion  both  food  and  air  juiss,  one  on  its  way  to  the 
gullet,  by  Fig.  80,  the  othur  through  the  larynx,  d,  to  the 
windpijKJ,  r ;  when  a  morsel  of  food  **goc8  the  wrong 
way"  it  takes  the  latter  course.  Ojwning  into  the  upper 
portion  of  the  pharynx  on  each  side  is  an  Eustachian  tube, 
g:  so  that  the  apertures  leading  out  of  it  are  .^even  in  num- 
ber; the  two  posterior  narcs,  the  two  Eustachian  tubes,  the 
fauces,  the  opening  of  the  larynx,  and  that  of  the  gul- 
let. At  the  root  of  the  tongne,  over  the  oi>ening  of  the 
larynx,  is  a  plate  of  cartilage,  the  epifflottis,  e,  which  can  be 
seen  if  tlic  mouth  is  widely  opened  and  the  back  «)f  the 
tongue  pressed  down  by  some  such  thing  as  the  handle  of 
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a  Bpoon.  Daring  swallowing  the  epiglottis  is  pressed  down 
like  II  lid  over  the  air-tube  and  helps  to  keep  food  or  saliva 
from  entering  it.  In  structure  the  pharynx  consists  esseu- 
tiallv  of  a  bug  of  connective  tissue  lined  by  mucous  mem- 
brane, and  having  muscles  in  its  walls  wliich,  by  their  con- 
ti  act  ions,  drive  I  lie  food  on. 

The  CEIsophagus  or  GuUet  is  a  tube  commencing  at  the 
lower  terminjition  of  ihe  pharynx  and  which,  passing  on 
through  ibe  neck  and  chest,  ends  in  the  stomach  below  the 
diapbragm.  In  the  neck  it  lies  close  behind  the  windpipe. 
It  Consists  of  ihree  coats — a  mucous  membrane  within;  xiex% 
a  submucous  coat  of  areolar  connective  tissue;  and,  outside, 
a  muscular  coat  made  up  of  two  layers,  an  inner  withtruna 
▼erselvandan  outer  with  longitudinally  arranged  fibres.  In 
and  beneath  its  mncous  membrane  are  numerous  small 
glands  whose  ducts  open  into  the  tube. 

The  Stomach  (Fig.  96)  is  a  somewhat  conical  bag  placed 
transversely  in  the  upper  part  of  the  abdominal  cavity,  It« 
larger  end  is  turned  to 
the  left  and    hes  close  e^^^        ft 

beneath  the  diaj>hragm; 
opening  into  its  upper 
border,  through  the  mr- 
dtac  orifice  at  a,  is  the 
gullet,  d.  The  narrower 
right  end  is  continuous 
at  €  with  the  small  intes- 
tine; the  communication 
between  the  two  is  the 
pi/lonc  orifice.  The  py- 
loric end  of  the  stomach 
lies  lowor  tn  the  abdomen 
than  the  cardiac,  and  is 
separated  from  the  diuplinigm  by  the  liver  (sec  Fig.  1), 
The  concave  border  between  the  two  orifices  is  known  as 
the  Sftuili  curvature,  and  the  convex  as  thegreat  curva/urf, 
of  the  stomach.  From  the  latter  hangs  down  a  fold  of 
peritoneum  (hc,  Fig,  1)  known  as  the  great  omentum.  It 
IS  spread  over  the  rest  of  the  abdominal  contents  like  aa 


Tta.  1)6.— Th«  stonuuA.  d,  lowrreod  of 
th»  KuUet;  a.  pOMition  of  the  cardiac  aper 
turn  ;  6.  the  fundim  ;  c.  Um*  prl-jnin:  f.  th« 
c<.>iumanc«ineut  uf  the  small  UiU^Ktlne 
idontr  a,  b,  c.  th«  givst  cunntur?.  bt-'iweefi 
Uit*  pylorus  and  a,  the  letiser  curvaturo. 
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cause  feelings  of  oppreasiou  in  the  cbest,  or  palpitation  of 
the  heart. 

The  Small  Intestine  (Fig.  103*)t,  commencing  at  the 
pjiorus,  ends,  after  many  windings,  in  tlie  large.  It  ia 
abont  six  meters  (twenty  feet)  long,  and  about  five  centi- 
meters (two  iuobes)  wide  at  its  gastric  end,  nan-owing  to 
about  two  thirds  of  that  width  at  its  lower  portion.  Exter- 
nally there  ai'o  no  lines  of  subdivision  on  the  amall  intes- 
tine, but  anatomist8  arbitrarily  deacril>e  it  n&  consisting  of 
three  parts;  the  first  twelve  inches  being  the  duod^num^  />, 
the  succeeding  two  fifths  of  the  remainder  \hQ  jejunumy «/, 
and  the  rest  the  ileum,  I. 

Like  the  stomach,  the  small  intestine  jiossesses  four  coats; 
a  serous,  a  muscular,  a  submucous,  and  a  mucous.  The 
serous  coat  is  formed  by  a  duplicature  of  the  ]>eritoneura, 
but  presents  nothing  answeriug  to  the  great  omentum;  this 
double  fold,  slinging  the  intestine  as  tlie  small  omentum 
slings  the  stomach,  is  called  the  vt/tftniicrff.  The  musrular 
coat  is  composed  of  plain  muscular  ti.ssuc  arranged  in  two 
strata,  an  outer  longitudinal,  and  an  inner  transverf^e  or 
circular.  The  submucous  coat  is  like  that  of  the  stomach; 
consisting  of  loose  areolar  tissue,  binding  together  the  mu- 
cous and  musculm-  coats,  and  forming  a  bed  in  which  the 
blood  and  lymphatic  vessels  (which  reach  the  intestine  in 
the  fold  of  the  mesentery)  break  up  into  minute  branches 
before  entering  the  mucous  membrane. 

The  Mucous  Coat  of  the  Snaall  Intestine.  Tl]is  is  pink, 
soft,  and  extremely  Vfiscular.  It  does  not  present  tem))0- 
pary  or  effaccable  folds  like  those  of  the  stomach,  but  is, 
throughout  a  great  portion  of  its  length,  raised  up  into  per- 
manent transverse  folds  in  the  form  of  crescentic  ridges, 
each  of  which  runs  transversely  for  a  greater  or  less  way 
round  the  tul)e  (Fig.  98).  These  folds  arc  the  valvula> 
connivenies.  They  are  first  fiKind  about  two  inches  from 
the  pylorns,  and  are  most  thickly  set  and  largest  in  the 
upper  half  of  the  jejunum,  in  the  lower  half  of  which  tlioy 
become  gradually  less  conapinuoup;  and  thcylinullydisap|H?ur 
altogether  alKjut  the  middle  of  the  ileum.  The  folds 
serve  greatly  to  increase  the  surface  of  the  mucous  mem- 
brane both  for  absorption  and  secretion,  and  tbej  also  de- 
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lay  the  food  somewhat  in  ilH  passage,  since  it  mnat  collect  in 
the  lioUowa  lieUeen  them,  and  so  be  longer  exposed  to  the 
action  of  the  digestive  liquids.  Examined  eloselv  with  the 
eye  or.  better,  with  a  hand  lens,  the  muooua  membrane  of 
the  small  intestine  is  seen  tol>e  not  smooth  but  shaggVj  be- 
ing covered  everywhere  (both  over  the  valvnla?  conniventes 
and  between  them)  with  closely  packeil  minnte  pi-oceases, 
standing  up  somewhat  like  the  '*  pile'' on  velvet,  and  known 
as  the  n7/i",  Each  villus  is  from  0.5  to  0.7  millimeters 
(s'ff  ^^^  ii  i"t?h)  long;  some  are  conical  and  rounded,  bat 
the  majority  are  compressed  at  the  base  in  one  diamet-er 
{Fig.  99).  In  structure  a  villus  is  somewhat  complex. 
Covering  it  is  a  single  la)Tr  of  columnar  epithelial  cell«,  be- 
neath which  the  yillua  may  be  regarded  as  made  up  of  a 


framework  of  connective  tissue  supporting  the  more  essen- 
tial conatiruents.  Near  the  surface  is  an  incomplete  layer 
of  phiin  musculur  tissue,  continuous  below  with  a  muscular 
layer  found  on  the  deep  side  of  the  raucous  membrane.  In 
the  centre  is  an  offshoot  of  the  lymphatic  system ;  some- 
times in  the  form  of  a  single  vessel  with  a  closed  dilated 
end,  and  sometimes  as  a  network  formed  by  two  main  ves- 
sels with  cross-branches.  During  digestion  these  lym- 
phatics are  filled  with  a  milky  white  liquid  absorbed  from 
the  intestines  and  they  are  accordingly  culled  the  lacteah. 
They  communicate  with  larger  branches  in  the  submucous 
coat  which  end  in  trunks  that  pass  out  in  the  mesentery  to 
join  the  main  lymphatic  system.     Finally,  in  each  villus, 
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outside  tbe  lactoals  and  beneath  the  muscular  layer,  is  a  close 
network  of  blood-vessels. 

Opening  on  the  surf;ice  of  the  small  intestine,  between 
the  bases  of  the  villi,  are  small  glands,  the  cryptH  of  Lieber- 
kuh$i.  Each  is  a  simple  unbninohed  tube  lined  by  a  layer 
of  columnar  rells  similar  to  that  which  covers  the  villi  and 
the  surface  of  the  mucous  membrane  between  them.      In 


Tva.  09.— TtUl  of  tbe  small  IntwUne;  mainiifted  about  60  diamct^ra.    la  th» 
left-hiui<l  flKuru  tlie  lart^alH,  n,  b.  c.  nrv  filled  wltb  white  Itijeotiuii;  d.  blood-Te^ 
tfU      111  the  riclit  Imnd  fiffuri'   Ihe    IttL-tt'rtl*  uluiit*  are  rfprtrneutf  d.  illlcd  with  fti^ 
dark  inJi'L-tiiiu.   The  epliblitini  I'ovf  rliiK'  t.lie  villi,  and  their  tnuM:ular  fibres,  ar» 
omiited. 


Structure  they  greatly  resemble  the  raucous  glands  of  the 
stomach  (r,  Fig.  97).  In  the  duodenum  are  found  other 
minute  glands,  the  tjlaiuh  of  Brnnner:  Thvy  lie  in  the 
submucous  coat  and  scud  tboir  ducts  through  the  mucous 
membrane  to  open  on  its  inner  side. 

The  liOrge  Intestine  (Fig.  103*),  farming  the  fimd  por- 
tion nf  the  alimentary  canal,  is  about  1.5  meters  (5  feet) 
long,  and  varies  in  diametti  from  about  6  to  4  centimeterB, 
('^i  to  H  inches).  Anatomists  der^crlHc  it  as  consisting  of 
the  cwcum  with  the  vermifonn  appendix,  the  colon^  and  tho 
rectum.  The  small  intestine  docs  not  open  into  the  com- 
mencement of  tho  large  but  into  its  side,  some  distance 
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from  its  closed  nppor  end,  and  the  cfecnm,  CC^  is  that  part 
of  the  large  intestine  which  extends  beyond  the  communi- 
cation. From  it  projects  the  venniform  appendix^  a  narrow 
tube  not  thicker  tluin  a  cedar  pencil,  and  about  10  centi* 
meters  (4  indies)  long.  The  colon  commences  on  the  right 
side  of  the  abdominal  cavity  where  the  simall  intestine  com-' 
muuicates  with  the  large,  runs  up  for  some  way  on  that 
side  {ascending  colon,  AC),  thou  crosses  the  middle  line 
(trmntverHc  colon,  T(J)  below  the  stomach,  and  turns  down 
(flcsfendinf/  colon,  DC)  on  tlie  left  side  atid  there  makes  an 
S-shaped  bend  known  \\a  the  sigfiioid flexure,  i^F;  from  this 
the  reclnm,  Ry  the  terminal  atraight  portion  of  the  intes- 
tine, proceeds  to  the  anal  opening,  by  which  the  alimentary 
canal  communicates  with  the  exterior.  In  structure  the 
large  intestine  presents  the  same  cout«  as  the  small.  The 
extenial  stratum  of  the  muscalar  coat  is  not.  however, 
deveIo])t'd  uniformly  around  it,  except  on  the  rectum,  but 
occurs  in  three  l)ands  separated  by  intervals  in  which  it  is 
wanting.  These  hands  being  shorter  than  the  rest  of  the 
tube  cause  it  to  In*  puckered,  or  sacculated,  between  them. 
The  mucous  coat  possesses  no  villi  or  valvulte  conniventea, 
but  i**  usually  thrown  into  effaceable  folds,  like  those  of 
the  stomach  but  smaller.  It  contains  numerous  closely  set 
glands  much  like  the  crypts  of  Liebcrkuhn  of  the  small 
intestine. 

The  Hoo-Colic  Valve.  Where  the  small  intestine  joins 
tlie  large  there  is  a  valve,  formed  by  two  flaps  of  the  mucous 
membrane  sloping  down  into  the  colon,  and  so  disposed  aa 
to  allow  matters  to  {loss  readily  from  the  ileum  into  the 
large  intestine  but  not  the  other  way. 

The  Liver.  BcHi<les  the  secretions  formed  by  the  glands 
imbedded  in  its  walls,  the  small  intestine  receives  those  of 
two  large  glands,  the  brer  and  the  pancreas,  which  lie  in 
the  abdominal  cavity.  The  ducts  of  both  open  by  a  com- 
mon aperture  into  the  duodenum  about  10  centimeters 
(4  inches)  from  the  pylorus. 

The  liver  is  the  largest  gland  in  the  Body,  weighing  from 
1400  to  1700  grams  (50  to  04  ounces).  It  is  situated  in  the 
up|>er  part  of  the  abilominal  cavity  (le,  le\  Fig.  1).  rather 
more  on  the  right  than  on  the  left  side  and  immediately  beloir 
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the  diaphragm,  into  the  concavity  of  wliich  ita  upper  sur- 
face tits;  it  reaches  across  the  middle  line  above tho  pyloric 
end  of  tlio  stomach.  It  is  of  dark  reddish-brown  color, 
and  of  a  soft  friable  texture.  A  deep  fissure  incompletely 
divides  the  organ  intor»^A/aud  left  hbea,  of  whicli  llic  right 
is  mnch  the  hiigcr;  on  its  under  surfuce  (Fi*;.  U)0}  t^hullower 
grooves  mark  oil  several  minor  lobes.  Its  upper  surface 
is  smooth  and  convex.  The  vessels  carrying  l>Inod  to  the 
liver  are  the  portal  veiUj  Vp^  and  tlie  hepatic  artery;  both 
enter  it  at  a  fissure  (the  portal  ftsiiu re)  on  its  under  side,  and 
there  also  a  duet  pusses  out  from  each  half  of  the  organ. 


Vc '  Vp 


Fio.  100.— The  under  surface  of  the  liver,  d.  right,  and  f,  left  lobe:  Vh,  hepatic 
vein;  Vp,  pnrt«l  vfin:  Vc.  T«na  cava  inferior;  l>c/l,  common  bUe-duot;  Dc 
cystic  duct;  iM,  hepaUoduct;  F/,  gmU-bhwIiler. 

The  ducts  unite  to  form  the  hepatite  duct,  Dh,  which  meeta  at 
an  acute  angle,  the  cystic  durf,  Dc,  proceeding  from  the 
gall-bladder,  Vf,  a  pear-shaped  sac  in  which  the  bile,  or  gall, 
fonnetl  by  the  liver,  acenmnhitcs  when  food  is  not  being  di- 
gested in  the  intestine.  Tlio  mmtnon  bile-duct,  Dch,  formed 
by  the  union  of  tfie  hepatic  and  cystic  ducts,  opens  into 
the  duodenum.  The  blood  which  enters  the  liver  by  the 
portal  vein  and  hepiitic  artery  passes  out  by  the  hepatic 
vmn9,  Vh,  which  leave  the  posterior  border  of  the  organ 
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dose  to  the  vertebra!  column, ami  there  open  iriio  rlio  infr- 
rior  vena  cava,  JV,  just  before  it  passes  u]t  thrt>vigh  the 
diaphragm. 

The  Structure  of  the  Liver.  On  closely  examining 
the  MirfuL'O  of  the  liver,  it  will  be  seen  to  bo  marked  out 
into  small  angnlar  areas  from  one  to  two  millimeters  {^^ 
to  ,Jj  inch)  in  diameter.  These  are  the  outer  sidoaof  the 
superficial  layer  of  a  vast  number  of  minute  polygonal 
masses,  or  Inbulo^y  of  which  the  liver  is  built  up;  similar 
arcojj  are  seen  on  tlie  surface  of  any  section  made  through 
the  organ.     Kach  lobule  (Fig.  101)  consists  of  a  number  of 


Fls.  101.— A  lohulp  of  tlie  liver,  ma^tfied,  showltiK  th«f  )v>paUc  C4>1U  ntdiat^ly 
arranged  anMinrl  the  contra!  izitraloljulor  Teln,  and  tnu  lobular  capillaries  Intor- 
Lu'cd  with  them. 

hepatic  cflh  supported  by  a  close  network  of  capillaries; 
and  is  separated  from  neighboring  lobules  by  connective 
tissue,  larger  blood-vessels,  and.  branches  of  the  hepatic 
duct.  The  hepatic  edls  are  the  proper  tiHsue  elements  of 
the  liver,  all  the  rest  being  subsidiary  arrangements  for 
their  nutrition  and  protection.  Each  is  polygonal,  nucle- 
ated and  very  granular,  and  has  a  diamettTof  about  .025 
millimeter  {yj^hs  ^^  ^n  inch).  In  each  lobidc  they  are  ar- 
ranged in  rowrf  or  string.-?,  which  interroinnuniicate  and 
form  a  network,  in  the  mt'.shes  of  whirh  the  blood  capillar 
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rica  run.  Govoi-jng  the  surface  of  tho  liver  is  a  layer  of  tbe 
lit.-ritimcunj,  hfiiciith  wliiuli  is  u  dense  connective-tissue 
luycr,  XoTV[\\ng\.\\^atpiiideof'  (iliastni.  At  the  porUil  fisi^ure 
offset;;  from  this  ciipsulo  run  in,  and  lino  canals,  ihe  porM 
i'anaUy  vbich  are  tunneled  through  the  organ.  These, 
Incoming  smaller  and  smaller  as  they  branch,  finally  be- 
come indistinguiahuble  close  to  the  ultimate  lobules.  From 
their  walls  and  from  tliu  external  ca])Siile,  connective-tissue 
partitions  radiate  in  all  directions  through  the  liver  und 
support  ita  other  parts.  In  each  portal  canal  lie  thi'ee  ves- 
fieU— a  branch  of  tho  portal  vein,  a  branch  of  the  hepatic 


Fio.  102.— A  small  portion  of  Ui*  tivf^r.  Injnctcij.  and  mafrnifled  about  twentjr 
dUtinntrnt.  Th«  bUxMj-VttweU  are  rcprP8enl<HJ  wWtc  ;  ihc  large  vcaacl  ia  a  sub- 
tobular  voln.  ivceWlns  Lho  lutralobuJar  veliu,  whJcb  m  turu  are  derlwct  trota 
fbe  ciM»lllarles  of  the  lubuieK. 


artery,  and  a  branch  of  the  hepatic  duct;  the  division  of 
the  i>ortal  Ycin  Iteing  much  the  largest  of  the  three.  These 
vessels  break  up  as  the  portal  canals  do,  and  all  end  in 
minute  branches  around  the  loliules.  The  bbod  (which  has 
alreiidy  circulated  through  the  capillaries  of  the  stomach, 
spleen,  intestines  and  pancreas)  carried  in  hy  the  portal 
vein  is  thus  conveyed  to  a  fine  Vfusonlar  interlobiflnr  plexus 
around  the  liver  lobules,  from  which  it  flovva  on  through 
tlie  cai>illarie3  {lobular  plexus)  of  the  lobules  them- 
edvcs.    These  (Fig.  101)  unite  in  the  centre  of  the  lobule 
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I  to  form  a  small  intralobular  vein^  which  carries  the  blood 

I  out  and  pours  it  into  one  of  the  branchcB  of  origin  of  the 


Tia.  ton. —The  stonuoh.  pancreas,  liver,  and  duodenum,  with  part  of  the  rest 
trf  Ibr  lunAli  tnt«stinp  and  tlie  mtwpnterr;  ihi?  «tuinji(.'h  and  tfvcr  huvy  bevii 
iMnmd  up  Hrt  as  t»i  ex|KMo  the  |iiinrr>-jtH  f",  st<tinach;  l>.  IT.  If  .  iliiotlt-rium:  L, 
■pleen  :  P.  pancreas  :  R.  rig-ht  kiilriey  ;  T.  irjunutii :  Vf,  KAll-hlO'ltliir  ;  *, 
hepntlv  tlurt  ;  c,  cysUc  duct  ;  ch.  c'omaiori  bile-duct  ;  1,  aurta  ;  £«  an  artery 
tlrft  e(«Y>nary)  of  tht*  HimiiHi'h  :  Jl,  h»*iMiii«*  Br1»*ry:  4.  nplfiilc  iirt»Tj'  ;  Ti.  Kii|>rriur 
nieseDlorie  arteo*  !  *>•  ouiH^rlor  lueAcuttrric  vtrin  ;  7,  spleaic  vein  ;    Tp,  purlal 


hoiuitic  vein,  called  the *MA/o^«/^/ri'p(«.     Each  of  tho  latter 
liaamuuv  lobules  emptying  blood  into  it,  and  if  dissected  out 
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with  thorn  (Fig.  102)  would  look  Botnething  like  a  bnin< 
of  ii  trrc  wiih  apples  attiiohod  to  it  l>y  short  Rtiilks,  repre-" 
seiitcfl  by  the  intnilobuliir  veins.  The  hlood  is  finally  an- 
Tied,  as  above  pointed  out,  by  the  hepatio  veins  into  the 

inferior  vena  cava.     The 


I 


hepatic  artery,  a  branch 
of  them'liuc  axis  (p.  211] 
entiri  niiiinly  in  Ghssoal 
capHule  and  tlic  walls 
the  bhjod-vesaele  and  bile- 
diuHa,  but  some  of  its 
hlood  reaciiCH  tlio  lubulur 
plexuses;  it  all  finally 
leaves  the  liver  by  the 
hepatic  veins.  ^M 

The  bile-ducts  can  b^B 
readily  traced  to  the  pe- 
riphery of  the  Inbnles, 
and  there  jirolmhly  com- 
municatn  with  a  minute 
network  of  commencing 
bile-ducts  ramifying  in 
the  lobule  between  the 
hepatic  cells  composii 
it. 

The  Panoreaa  or  Sweets 
bread.  This  is  ;Ln  elon- 
gated soft  organ  of  a 
pinkish  yellow  color, 
lying    along    the    great 
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P,  the 
pyloric  rtu\  itf  the  •(toniAi'h -.  IK  Ihi-  liuiMlf- 
Diim;  J,  I,  Che  o<)nvolutl<>Tis  of  the  RriwiH  tii 
le«tlD»>:  CC,  Ilie  faK-iim  wtlh  Ihi*  %erTnlfunn 
airntindlx;  AC,  mtevudina.TC.  tninKvenw, aad  curvatUTC  of  thc  ^tomacll. 
i?C.  descendltj^  colon :/?,  tlie  reftuiiL  -  ,     -       , 

its  right  end  is  larger, 
and  is  embraced  by  thc  duodenum  (Fig.  103),  whicli  there 
makes  a  curve  to  the  left.  A  duct  trnverses  the  gland  and 
joins  the  common  bile-dnct  close  to  its  intestinal  opening. 
The  pancreas  prodnces  a  watery-k>oking  secretion  which 
of  great  importance  in  digestion. 


CHAPTER  XXII. 

Till-:  LYMPHATIC  SYSTEM  AND  THE  DUCT- 
LESS GLANDS. 


The  Iiymphatios  or  Abeorbonts  form  close  networks  iu 
nearly  nil  purts  of  the  Body.  Moat  organs,  as  him  been 
}>ointed  out  (p.  02),  i>ossefis  a  eort  of  internal  skeleton  made 
up  of  connective  tissue,  which  consists  mainly  of  bundles  of 
fibres,  united  t-<»gether  and  covered  in  by  a  "cement"  sub- 
stance. In  this  substance  are  found  numerous  cavities, 
usually  branched,  and  communicating  with  one  another  by 
their  branches.  Tliey  fre(|uenily  contain  connective-tissue 
corpuscles,  which,  however,  do  not  comj>lctely  till  them; 
and  they  thus,  with  their  brunches,  fonn  a  set  of  intercom- 
municating channels  knuwn  &»  the  '^^serons  cttnalicitti;" 
these  are  tilled  witli  lymi<h  and  constitute  the  origin  of 
lymphatic  vessels  iu  many  organs.  Elsewhere  the  com- 
mencing lymphatics  seem  to  be  merely  interstices  (^/a<«») 
between  the  constituent  tissues  uf  an  organ;  this  is  efi|>e- 
cially  the  case  in  glands.  Such  spaces  differ  from  the  se- 
rous cjmiiliculi  in  hinng  lined  by  a  definite  epithelium. 

Structure  of  Lymph- Vessels.  The  serous  caniiiicnll  and 
lymph-simoes  open  into  better  defined  channels,  lined  with 
u  single  layer  of  wavy-edgeil  llattened  epithelial  cells. 
These  form  networks  in  most  part^  of  the  Body  and  are 
kuon'u  us  the  bjmph  capillaries.  They  are  usually  wider 
than  blood  capillaiies.  From  the  capillary  networks 
larger  v(^sscla  arise  which  in  Hlructiire  resemble  veins,  and 
have  similar,  hut  more  nunu'rtms,  valves. 

The  Thoracic  Duct.  All  the  lymphatics  end  finally  in 
two  main  trunks  wJiich  ojk^ti  into  tlie  venous  system  on  each 
side  of  the  neck,  at  the  point  of  junction  of  the  juguhir  and 
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subclaviun.  The  trunk  on  the  right  side  is  much  eniallor 
than  the  other  ai)d  is  known  us  the  *•  ri<////  hjmphaiic  ducf/^ 
It  collects  lymph  from  the  right  side  of  the  tJiorax,  from 
the  right  side  of  the  head  and  neck,  and  the  right  arm. 
The  lymjth  from  all  the  rest  of  the  Body  is  collected  into 
the  thorarif  dut't.  It  commences  at  the  up]>er  j>art  of  tlio 
abdominal  cavity  in  a  <Jilated  reservoir  (the  rcccpiaeulnm 
chyli),  into  which  the  lacteals  from  the  intestines,  and  the 
lymphatics  of  the  rest  of  the  lower  part  of  the  Body,  open. 
From  thence  the  thoracic  duct,  receiving  tributaries  on  its 
course,  nina  np  the  thorax  alongfjide  of  the  aorta  and,  ])aiis- 
ing  on  into  the  neck,  ends  on  the  left  side  at  the  point 
already  indicated;  receiving  on  its  way  the  main  stems 
from  the  left  arm  and  the  Icfr  side  of  the  head  and  neck. 
The  thoracic  duct,  thus,  brings  back  much  more  lymph 
than  the  right  lymphatic  duct. 

The  Serous  Cavitiea.  These  arc  great  dependencies  of 
the  lympliatic  system  and  may  be  regarded  as  htrge  lacunae. 
Each  of  them  (peritoneal,  pleural,  arachnoidal  und  ]>eri- 
cardiac)  is  lined  by  a  definite  epithelioid  hiyer  of  close-fit- 
ting, hexagonal  colls.  At  certain  points,  however,  openings 
or  siomata  occur,  surrounded  by  a  ring  of  smaller  cells,  and 
leading  into  tubo3  which  open  into  subjacent  lymphatic 
vessels.  The  liquid  moistening  these  cavities  is,  then,  really 
lymph. 

The  Lymphatic  Glands.  Tlicse  are  roundish  masses  in- 
terposed, at  various  poiut^.  on  the  course  of  thu  lymph-vcs- 
scls.  They  are  especially  numerous  in  the  mesentery,  groin, 
and  neck.  In  the  latter  jiosition  they  often  inflame  and 
give  rise  to  abscesses,  especially  in  scrofulotis  persons;  and 
still  more  often  enlarge,  harden,  and  become  more  or  less 
tender,  so  as  to  attract  attention  to  thcra.  In  common  ]iar- 
lance  it  is  then  frequently  said  that  the  person's  "  kernels 
have  come  down,'*  or  that  he  has  "  waxing  kernels.'*  Eaeh 
lym]tlmtic  gland  is  euvelopcd  in  a  connective-tissue  ca|>sule, 
and  is  pervaded  hy  a  connective-tissue  framework.  In  the 
meshes  of  this  lie  numerous  lymph  curpuscles.  which  ajjpciir 
to  multiply  there  by  division.  **  Afferent  "  lymjjhatic  ves- 
sels open  into  the  i>eriphcry  of  tlie  so-called  ghmd.  and  ef- 
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nt  TCRselB  arise  in  its  centre.  Hence,  the  lymph  in  \i& 
flow  traverses  the  ccllalar  gland  subistunce,  and  in  it« 
course  picks  up  extra  corpuscles  which  it  carries  on  to  the 
blood.  In  the  gland  there  i»  a  dose  network  of  blood  cnpil- 
iaries.  It  is  clear  that  the^e  organs  are  not  glands  at  tdl,  in 
the  proper  senne  of  tlie  word.  They  are  sometimes  called 
lymphatii'  (fanglia;  hut  that  suggests  a  false  connection  with 
nerve-ccntros. 

The  Movement  of  the  Lymph.  This  is  no  doubt  some- 
what irreguliir  in  the  commencing  vessels,  but,  on  the  whole, 
set^  on  to  the  larger  trunks  and  through  them  to  the  veins. 
In  many  animals  {ws  the  frog)  at  point*  where  the  lymphatics 
communicate  with  the  veins,  there  are  found  regularly 
contractile  '*  lymj>h-hcarts*'  wliich  beat  with  a  rhythm  inde- 
|)endeut  of  that  of  the  blood-heart,  and  pump  the  lyrajth 
into  a  vein.  In  the  Human  Body,  however,  there  are  no 
such  hearts,  and  the  flow  of  the  lym}>h  is  tlcpondcnt  on  less 
definite  arrangements.  It  seems  to  ho  maintained  mainly 
by  three  things.  (1)  The  pressure  on  tlie  blo<Kl  plasma  in 
the  eapillaries  is  greater  than  that  in  the  great  veins  of  the 
neck;  hence  any  plasma  filtered  througli  the  capillary  walls 
will  be  under  a  pressure  which  will  tend  to  make  it  flow  to 
the  venous  terminatinn  of  the  thoracic  or  the  right  lym- 
phatic diirt.  C-i)  On  account  of  the  numerous  valves  in 
the  lymphatic  vessels  (which  all  only  allow  the  lymph  to 
ilow  past  them  to  larger  vessels)  any  movement  compress- 
ing a  lyiu])h-ves8el  will  cause  an  onward  flow  of  its  contentjj. 
The  influcnci)  thus  exerted  is  very  imjiortaut.  If  a  lube  l>e 
put  in  a  large  lymph-vessel,  say  at  the  top  of  the  leg  of  an 
animal,  it  will  be  seen  that  the  lymph  only  flows  nut  very 
slowly  when  the  animal  is  qniet;  but  as  soon  as  it  moves 
its  leg  the  flow  is  greatly  accelerated.  (3)  During  each 
inspiration  the  pressure  on  the  thoracic  duct  is'  less  than 
that  in  the  lymphatics  in  parts  of  the  Body  outside  the 
thorax  (see  Chap.  .\  XIV. ),  Accord  ingly,  at  that  t  ime.  lymph 
is  pressed,  or,  in  common  phrase,  is  **  sucked,''  mto  the 
thoracic  duct.  During  the  succeeding  expiration  the  pres- 
sure on  the  thorauic  duct  becomes  greater  again,  and  some 
of  itij  contents  are  pressed  out;  but  on  iK'count  of  the  valvea 
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they  can  only  go  forwards,  that  is,  towards  the  ending  of 
the  duct  in  the  veins  of  the  neck. 

During  digestion,  moroovcr,  the  contraction  of  the  villi 
will  preiis  on  the  lymph  or  chyle:  and  in  rt'rtaiii  jmrls  of  the 
Body  gravity,  of  ooursic,  aidii  the  ilow,  though  it  will  impede 
it  iu  others. 


The  Spleen.  There  are  in  the  Body  Bcvei'al  organs  of 
such  cunHiilerablc  size,  and  of  so  great  constancy  in  a  large 
number  of  vertebrate  animals^  that  they  would  a  priori 
appear  to  bo  of  considerable  functional  importance.  What 
their  use  maybe  is  still,  however,  unknown  or  uncertain. 
They  are  commonly  spoken  of  collectively,  along  with  the 
lymphatic  ganglia,  as  the  ditrJlcss  (flands:  but  they  are  not 
glands  in  the  proj)er  sense  of  the  wonl.  The  spleen  is  the 
largest  of  them.  It  is  a  red  orguu  situated  at  the  left  end 
of  the  stomach  (Fig.  103)*  and  about  170  grams  (6  oz.)  in 
weight.  Its  size  is  however  very  variable;  it  enlarges  during 
digestion  and  shrinks  again  after  it  until  the  next  meal.  In 
malarial  diseases  it  also  becomes  enlarged,  frequently  to  a 
very  great  ext4?nt,  and  then  constitutes  the  so-called  "agtie- 
cake.''  In  structure,  the  spleen  consists  of  a  connective- 
tissue  capsule,  rich  in  elastic  fibres,  and  giving  off  pmcessos 
which  ramify  through  the  organ  and  form  a  framework  for 
its  pulp.  The  laltur  contains  numerous  blood  corpuscles; 
and  many  bodies  which  seem  to  bo  red  corpuscles  in  pro- 
cess of  decay  or  destruction.  Hence  the  spleen  has  been 
supposed  to  be  a  sort  of  graveyard  for  their  bodien — u  ]>Iace 
where  they  are  broken  up  and  their  matcrisils  utilized  when 
they  have  run  their  life  cycle.  Others,  however,  consider 
that  in  the  spleen  new  red  blood  corpuscles  are  pro- 
duced from  colorless;  and  others,  again,  that  the  main 
function  of  the  organ  is  the  formution  of  substances  which 
are  carried  off  to  the  stomach  and  piiucreas,  to  be  thei*e 
finally  elaborated  into  digestive  ferments.  The  arteries 
of  the  spleen  open  directly  into  the  pulp  cavities,  from 
which  the  veins  arise.  On  their  walls  are  rounded  whitish 
nodules  about  the  size  of  a  miilet-seed,  and  known  as  the 
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Malpi{fhi<tn   rorpuscles.       They  resemble   tiny  lymphatic 
glands  in  structure.  ^ 

The  Thymua  is  au  organ  which  only  exists  in  childhood. 
At  birth  it  is  found  lying  around  the  windpipe,  in  the  upper 
part  of  the  chest  cavity  and  the  lower  part  of  the  neck.  It 
increases  in  size  until  the  end  of  the  second  year,  and  then 
begins  to  dwindle  away.  It  is  grayish  pink  in  color,  of  a 
Soft  texture,  and,  in  microscopic  structure  resembles  some- 
what a  lymphatic  gland.  Heucx*  its  function  has  been  sup- 
posed to  be  tlie  formation  of  new  lymph  corpuscles.  The 
*' sweetbread'' of  butchers  is  sometimes  the  pancreas  and 
sometimes  the  thymus  of  young  animals — ntch  and  belly 
sweetbread. 

The  Thyroid  Body  and  the  Suprarenal  CapsvUea. 
The  former  of  these  structures  lies  in  the  neck  on  the  nides 
of  and  below  ''Adam's  apple."  It  is  dark  red-brown  in 
color,  and  sometimes  becomes  very  much  enhirged,  as  in  the 
disease  known  as  goitre.  This  enlargement  appears  to  be 
often  due  tudiiiiking  water  containing  magnesian  limestone 
in  solutJou.  la  Eugland,  for  iastaiiee,  it  is  known  as  "  Der- 
byshire neck"  from  beingesjieeially  frei^uent  in  parts  of  that 
county,  wliere  the  liills  arc  mainly  composed  of  magnesian 
limestone  rocks;  and  the  same  geological  formation  is 
found  in  those  districts  of  Switzerland  where  cretinism 
(one  of  the  symptoms  of  which  is  an  enlarged  thyroid 
body)  prevails. 

T\w  sitprareitdl  bodies  lie  one  over  the  top  of  each  kid- 
ney. Their  use,  like  that  of  the  thyroid,  is  quite  pro- 
blematical. In  what  is  known  as  Addison's  disease  (in 
which  the  skin  becomes  of  a  bronze  color)  it  is  said  that 
these  bodies  are  altered;  but  it  is  veiT  improbable  that  the 
change  in  them  is  the  actual  cause,  rather  than  another 
symptom,  of  the  disease. 


CHAPTER  XXIII. 

DIGESTION. 


The  Object  of  Digestion.  Of  tlie  vjirious  foodstuffs 
swulioivod,  ciurac  are  ulivudv  in  soliuion  and  ready  to  dialyze 
at  once  into  the  lympliatics  and  blood-vessels  of  thcalimcn- 
tury  cauul;  otitcrri,  such  as  a  lump  of  sugar,  thuiigh  not 
di&dolved  when  put  into  tho  mouLlij  are  rcadily  soluble  in 
the  liquids  found  in  the  alimenlury  catml,  and  need  no  fur- 
ther digestion.  In  the  citfe  of  many  most  iniporlinit  food- 
etulTsJiowt^vtr,  apouiul  cliuniical  uhaugt^s  have  to  be  wrought, 
either  with  the  object  of  converting  ins:oluble  bodieri  into 
soluble,  or  non-dialyzuble  into  dialyzable,  or  both.  Tiie 
different  secrohon;^  ponrod  into  the  alimentary  tube  act  in 
various  ways  u]ton  dilToi'ent  foodstuffs,  and  at  last  get  them 
into  a  state  in  whluh  they  can  pas3  into  the  circulating 
medium  and  be  curried  to  all  parts  of  the  Body. 

The  Saliva.  The  tir^t.  solvent  that  the  food  mfects"vvith 
is  the  saliva,  which,  as  found  in  the  moiilli,  is  a  mixture  of 
puresiiliva,  formed  in  parotid,  submaxillary,  and  suhlinguul 
glands*  with  the  mucus  secreted  by  small  glands  of  the  oml 
mucous  membrane.  This  ftrurd  tmlivti  is  a  colorless^  cloudy, 
feebly  alkaline  liquid,  "ropy"  from  tlie  mucin  preeeut  iu 
it,  and  usually  containing  air-bubbles.  Pure  saliva,  as  ob- 
tained by  }mtting  a  lino  tube  in  the  duet  of  one  of  tho  Sidi- 
Tary  glands,  is  less  temu:ious  and  contains  no  imprisoned 
air. 

The  uses  of  the  saliva  are  for  the  most  part  physical  and 
mechanical.  It  keeps  the  mouth  moist  and  allows  us  to 
speak  with  comfort;  most  young  orators  know  the  distrcsp 
occ44sioued  by  the  supi>rcssion  of  the  salivary  secretion 
through  uorvousness,  and  the  imiwrfect  efficacy  under  such 
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^^^^^rcircumstanceg  of  tho  traditional  glass  of  water  placed  bo- 
^^^^W«ide  public  speakers.  The  saliva,  also,  enables  up  to  swallow 
r  dry  food;  sach  a  thing  as  i\  craeker  when  chewed  would 

^H  give  rise  merely  to  a  he:ip  of  dust,  impossible  to  8wall(»w, 
^H  "were  not  the  mouth  cavity  kei)t  moist.  This  fact  used  to 
r  be  taken  advantage  of  in  tho  East  Iiidiau  rice  ordeal  for 

the  detection  of  criminals.  Tho  guilty  person,  believing 
firmly  that  he  cannot  swallow  the  jiarclied  rice  given  him 
and  sure  of  detection,  is  apt  to  have  his  ailivary  glands 
paralyzed  by  fear,  and  po  does  actually  become  unable  to 
simlloir  the  rice;  while  in  those  with  clear  eonscicncea  the 
nervous  system,  acting  normally,  excites  the  usual  reflex 
secretion,  and  the  dry  food  causes  no  difficulty  of  degluti- 
tion. The  saliva^  also,  dissolves  such  bodies  as  sjiU  and 
sngai'.  when  taken  into  the  month  in  a  solid  form,  amd 
enables  us  to  taste  them;  undisgolved  substances  arc  not 
tasted,  a  fact  which  any  one  ciiri  verify  f'lr  himself  by 
wiping  his  tongue  dry  and  jiliioiiig  a  fnigiuent  of  sugar 
upon  it.  No  sweetness  will  be  felt  until  a  little  moisturo 
has  exuded  and  dissolved  part  of  the  sugar. 

In  addition  to  such  actions  the  saliva,  however,  exerts  & 
chemical  one  on  an  iinport:int  foodstuff.  Starch  (although 
it  swells  up  greatly  in  hot  wjitcr)  is  insoluble,  and  conld 
not  be  absorl)ed  from  the  alimentar}'  canal.  The  saliva 
contains  a  specific  element, /^/jya/m,  which  has  the  pi»wer 
of  turning  starch  into  the  readily  soluble  and  dialyzabla 
grape  sugar.  In  effecting  this  change  the  ptyalin  is  not 
altered;  at  least  u  very  small  am<mnt  of  it  can  cause  tho 
conversion  of  a  vast  amount  of  stuicli,  and  it  d(fes  not  seem 
to  have  its  activity  impiiired  in  tlio  proeesa.  being  still  ready 
at  the  end  of  it  to  act  upon  more.  The  starch  is  made  to 
combine  with  the  elements  of  a  molecule  of  water,  and  the 
pt3ralin  i-eraains  behind  as  it  was — 
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Substances  acting  in  this  way,  producing  chemical 
changes  without  being  themselves  noticeably  altered,  are 
found  in  many  of  the  digestive  secretions,  and  ai"e  called 
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TSej  difl^  tea  Ae  tiw 
a  tiM  fMt  ih^  iWrare  B0i  tiriag 
do  Boi  mohiplf  dmna^  the  acemntnet  of  Um  cfcsa^ 
tb^  «c  ^;  tMr  •cmiqr  hitli^gi  to  tht  nti  ■■» 
«<  wfaui  m€iwm$. 

In  order  Utft  the  ptpUxa  may  act  i^ott  itvcfa  oeruin 
conditirii  ore  caiBtkL  Water  wkam  he  f— tut,  and  tbe 
iMpod  matt  be  aaatial  or  £e^j  aikaliae;  aods  rvtord,  or  if 
Miwger,  entirdjetop  sIm  praecM.  Tho  dia^a  takat  place 
■MMi  qnickly  at  aboitt  the  tcmpefatare  of  the  Haman  Bodr, 
and  ia  greatlj  checked  bjcold.  BoOin^  the  saliva  destroj^ 
ita  ptjalin  and  readers  it  quite  incapafate  of  conT< 
•tarcb.  Boiled  itarch  ii  chanfcd  more  rapidlj  and 
pleU'lt  than  raw. 

SiiliT»  hu  another  important  but  indirect  iofiaenoe 
promoting  digestion.  Weak  alkalies  stimoUte  the  mi 
IDombrttDe  of  the  stomach  and  canee  it  to  pour  forth  moir 
gMiric  juice.  Hence  the  etBcacj  of  a  litUe  c:irbonate  of 
soda,  taken  before  meal&,  in  some  forms  of  dyspepsia.  The 
salira  bj  ita  alkalinity  exerts  such  an  action;  and  this 
is  ona  reason  why  food  should  be  well  cheved  before  being 
wallowed:  for  then  it«  ta^te,  and  the  morements  of  the 
jairg,  canj»e  the  secretion  of  more  saliva. 

Deglutition.  A  moathful  of  solid  food  is  broken  op  by 
the  teeth,  and  roUed  about  the  mouth  by  the  tongue,  until 
it  is  thoroDghly  mixed  with  Boliva  and  made  into  a  soft  pasty 
muML  The  muttcles  of  the  cheeks  keep  this  from  getting 
between  them  and  tho  gums;  persona  with  facial  paralysis 
have,  from  time  to  time,  to  press  out  with  the  finger  food 
whirh  has  collected  outside  the  gums,  where  it  can  neither 
be  chewed  nor  swallowed.  The  mass  is  finally  sent  on  from 
the  month  to  the  stomach  by  the  process  of  dtglutition^ 
which  is  described  as  occurring  in  three  stages.  The  tirst 
«t«fl[e  includes  the  passage  from  the  month  into  the  pharynx, 
Tho  f'Kid  being  collected  into  a  heap  on  the  tongue,  the  tip 
of  that  organ  is  placed  against  the  front  of  the  hard  palate 
and  then  the  rest  of  itft  dorsum  is  raised  from  before  back, 
BO  as  to  |u»osifi  tiie  f<H>d  wiix^a  between  it  and  the  palate,  and 
drive  it  buck  ihruugti  the  fauces.    This  2>ortion  of  tho  act  o{ 
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swalloinng  is  voluntary,  or  at  least  is  under  the  control  of 
the  will,  although  it  commonly  takes  plutt;  unconsciou*ily. 
The  second  stage  of  deglutition  is  that  in  which  the  food 
passes  through  the  pharynx;  it  is  the  moBt  rapid  part  of  its 
progress,  since  the  pharynx  haj*  to  he  emptied  quickly  so  as 
to  clear  the  opening  of  the  air-passages  for  breathing  pur- 
poses. The  food  ma^s,  ))assing  back  over  the  root  of  the 
tongue,  pushes  down  the  epiglottis;  at  thj  same  time  the 
larynx  (or  voice-lKJX  at  the  top  of  the  windpipt)  is  raitied,  ho 
as  to  meet  thi8  and  thus  the  passage  to  the  lungs  Ih  closeil; 
muscles  around  the  aperture  probably  also  contract  and 
narrow  the  opening.  The  raising  of  the  lar)"!!!  can  be 
readily  felt  by  placing  the  finger  on  its  large  cartilage  form- 
ing ''Adam's  apple"  in  the  neck,  and  then  swallowing 
something.  The  soft  t)alate  is  at  the  same  time  raised  and 
stretched  horizontally  across  the  phar)'uXr  thus  cutting  off 
communication  with  its  upper,  or  respiratory  portion,  lead- 
ing to  the  nostrils  and  Euntachian  tubes.  Fiually,  the 
isthmus  of  the  fauces  is  closed,  as  soon  as  the  food  has 
passed  through,  by  the  contraction  of  the  muscles  on  its 
sides  and  the  elevation  of  the  root  of  the  tongue.  All  pas- 
sages out  of  the  pharynx  except  the  gullet  are  thus  blocked, 
and  when  the  pharyngeal  muscles  contract  the  food  can 
only  be  squeezed  into  the  oesophagus.  The  muscular  move- 
ments concerned  in  this  part  of  deglutition  are  all  retlexly 
excited;  food  coming  in  contiict  with  the  mucous  mem- 
brane of  the  pharynx  stininlates  afferent  nerve-fibres  in  it; 
these  excite  the  centre  of  deglutition  which  is  plaee<l  in  the 
mednUa  oblongain,  and  from  it  etfcrcnt  nerve-fibres  proceed 
to  the  muscles  concerned  and  (under  the  co-ordinating  in- 
fluence of  the  centre)  cause  them  to  contract  in  proper  se- 
qnence.  The  pharyngeal  muscles,  although  of  the  striped 
variety,  are  but  little  under  the  control  of  the  will;  it  is  ex- 
tremely difficult  to  go  through  the  movements  of  swallow- 
ing without  something  (if  only  a  little  saliva)  to  swallow, 
and  excite  the  movements  reflcxly.  Many  persons  aft«r 
having  got  the  mouth  completely  empty  cannot  perform  the 
movements  of  the  second  stage  of  deglutition  at  all.  On 
account  of  the  reficx   naUire  of   the  contractions  of  the 
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pbarjnx,  any  food  which  has  once  entered  it  mnet  be  swal- 
lowed: the  iflthmuB  of  the  fauces  forms  a  sort  of  Rubicon; 
fowi  that  has  pus»ed  it  must  continue  its  course  to  the 
stomuch  although  the  swuUowcr  learnt  immediately  that  be 
waa  taking  poison.  The  third  stage  of  deglutition  is  that  in 
which  the  food  is  passing  along  the  gullet,  and  is  compara- 
tively slow.  Even  liquid  substances  do  not  fall  or  flow  down 
tbis  tube,  but  have  their  passjige  controlled  by  its  muscular 
coats,  which  giip  the  successive  [>ortions  swallowed  and  pafs 
them  on.  Ilcnce  the  [Kjssibility  of  performing  the  api>arently 
wonderful  feat  of  drinking  a  glass  of  water  while  standing 
upon  the  head,  often  exhibited  by  jugglers:  people  forget- 
ting that  one  sees  the  same  thing  done  everyday  by  horses, 
and  other  animal",  which  drink  with  the  pliaryngeal  end  of 
the  gullet  lower  tlian  the  stomach.  The  movements  of  tho 
u'sojjhagus  are  of  the  kind  known  as  vermuithtr  or  peri* 
staltic.  Its  circular  fibres  (p.  317)contnict  behind  the  morsel 
and  narrow  the  passage  there;  and  the  constriction  then 
travels  along  to  the  stomach,  pushing  the  food  in  front  of 
it.  Simultaneously  the  longitudinal  fibres,  nt  tlio  point 
where  the  food-mass  is  at  any  moment  and  immediately  in 
front  of  that,  contracting,  shorten  and  widen  the  passage. 
The  Gastric  Juice.  The  food  having  entered  the  sto- 
mach is  exposed  to  the  action  of  the  gastric  juice,  which  is  a 
thin,  colorless,  or  pale  yellow  li(]niil,  of  a  strongly  acid  re- 
action. It  contains  as  specific  elements  free  hydrochloric 
avid  (about  .2  per  cent),  and  an  enzyme  called  pepsin 
wliieh,  in  acid  lir|iiitls,  Ikis  the  power  of  converting  the  or- 
dinary non-dialyzublejjroteids  wliieh  we  cat.  into  the  closely 
allied  but  dialy/'ablc  bodies  called  peptones.  It  also  dia- 
Holves  solid  protei*!-*,  changing  them  too  int(»  peptones. 
Dilute  aeiJH  will  by  iheniselves  j>nHhice  the  name  changes 
in  the  course  of  several  tiays,  but  in  the  presence  of  jiopsiu 
and  at  tho  temperature  of  tho  WAs  the  eouversiou  is  far 
more  rapid.  In  neiitnd  or  alkaline  media  the  pepsin  is 
inactive;  and  euld  checks  its  aetivily.  Boiling  destroys  it. 
In  addition  to  pejisin,  gjistric  juiee  contains  another  enzyme 
whkSjMBAfi  power  of  coagulating  tho  casein  of  milk,  w 
illr  ho  use  of  **  rennet."  prepaix'd  from  the  mu- 
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cons  mcmbmno  of  the  calf  s  digestive  stomach,  in  chccae- 
mukiug.  The  iicid  of  llio  uutural  gjifitric  juice  might  itself, 
it  is  true,  cojigiikte  the  caaciu,  but  nentrulized  gastric 
juice  still  possesses  this  jkiwit;  and,  sinco  jjiiro  solutions  of 
pepsin  do  not,  it  must  he  duo  to  some  third  body,  which  has, 
however,  not  yet  been  isolated.  The  curdled  condition  of 
the  milk  regurgitiiled  so  often  by  infanta  is.  therefore,  not 
any  sign  of  a  disordered  state  of  the  stomach,  as  nurses 
commonly  suppose.  It  is  natural  and  ]»rojter  for  niilk  to 
undergo  this  change,  before  the  pepsin  and  acid  of  the 
gastric  juice  convert  its  casein  into  j>eptone. 

Qastric  Digestion.  The  process  of  swallowing  is  c<m- 
litiuous,  but  m  the  stomach  the  onwanl  progress  of  the 
food  is  stayed  for  some  time.  The  pyloric  sphincter,  re- 
maining contracted,  closes  the  aperture  loading  into  the 
intestine,  and  the  irregularly  dii'jiosed  muscular  layera  of 
the  stomach  keep  its  semi-litjuid  coiucnts  iu  constant 
movement,  maintaining  a  sort  of  churning  by  winch  all 
portions  arc  brought  into  contact  with  the  mucous  mem- 
brane and  thoroughly  mixed  with  the  secretion  of  its  glands. 
The  gelatin-yielding  connective  tissue  of  meats  is  dissolved 
away,  and  the  proteid-containing  fibres,  left  loose,  arc  dis- 
solved and  turned  into  jwptones.  The  albuninious  wjdls 
of  the  fat-cells  are  dissolved  and  their  oily  contents  set 
free;  but  the  gastric  juice  does  not  act  upon  the  latter. 
Certain  mineral  salts  (as  phosphate  of  lime,  of  which  there 
is  always  some  in  bread)  which  arc  insoluble  in  water  but 
soluble  in  dilute  at^ids,  are  also  dissolved  in  the  stomach. 
On  the  other  hand  the  gastric  juice  has  itself  no  action 
upon  starch,  and  since  j)tyalin  does  not  act  at  all,  or  only 
imperfectly,  in  an  acid  medium,  the  activity  of  the  saliva 
in  convwting  starch  is  st^iyed  in  the  stomach.  By  the  solu- 
tion of  the  white  fibrous  connective  tissue,  that  disintegra- 
tion of  animal  foods  commenced  by  the  teeth,  is  carried 
much  farther  in  the  stomach,  and  the  food-mas^,  mixed 
with  much  gastric  secretion,  becomes  reduced  to  the  con- 
sistency of  a  thick  soup,  usually  of  a  grayish  color.  In 
this  state  it  is  called  rhtfmr.  This  contjiius,  after  an  ordi- 
jiary  meal,  a  considerable  ^juantity  of  pejitones  which  are 
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in  great  pari  gradually  dialyzed  into  tlio  blood  and  lympha- 
ticveHsel-sof  tho  gastric  mucous  ineinlmiiir  niul  curried  off. 
along  with  other  dissolved  dialyzablo  bodies,  such  a?  wills 
and  Biigar.  After  tho  foml  has  reniuined  in  the  stomach 
some  timo  (one  anil  a  half  to  two  hours)  thu  cbymc  begin* 
to  bo  passed  on  into  tho  intestine  in  successive  portions. 
The  pyloric  sphincter  relaxes  at  intervals,  and  the  rest 
of  the  atomach,  contracting  at  the  pamo  moment,  injects  n 
quantity  of  chyme  into  the  duodenum;  this  is  repeated 
frequently,  the  larger  iindigested  fragments  being  at  first 
unable  to  pass  the  orifice.  At  the  end  of  about  three  or 
four  hours  after  a  meal  the  stnmneli  is  again  quite  emptied, 
the  pyloric  H|)hinctcr  finally  relaxing  to  a  greater  extent 
and  allowing  any  larger  indigestible  masses,  which  the  gas- 
tric juice  cannot  break  down,  to  be  squeezed  into  tho  intes- 
tine. 

The  Chyle.  When  the  chyme  passes  into  the  duodenum 
it  finds  preparation  made  fi>r  it.  Tho  pancreas  is  in  reflex 
connection  with  the  stomach,  and  its  nerves  cause  it  to 
oommenco secreting 80  soon  as  food  enters  the  latter;  hence 
a  quantity  of  its  secretion  is  already  uccumulaied  in  the 
intestine  when  food  enters,  Tho  gall-bladder  is  distended. 
with  bile,  secreted  since  tho  ln«t  meal;  thia  passing  down 
the  hepatic  duct  has  been  turned  back  up  tho  cystic  duct 
(I>c,  Fig.  100*) on  iiccount  of  tho  cloauro  of  the  common 
bile-duct.  The  acid  chyme,  stimulating  uerrc-ondings  in 
the  duodenal  mucous  membrane,  causes  reflex  contrac- 
tion of  the  muscular  coat  of  the  gall-blnddcr,  and  a  relaxa- 
tion of  tho  orifice  of  tho  common  btlc-dnet;  and  so  a  gush 
of  bile  is  poured  out  on  the  chyme.  From  this  time  on, 
both  liver  and  pancreas  contiuuo  secreting  mUively  for 
some  hours,  and  pour  tlicir  products  into  the  int(?stine. 
The  glands  of  Brunner  and  the  crypts  of  Liebcrkfilin  are 
also  set  at  work,  but  conconiing  their  physiology  wc  know 
very  little.  All  of  these  secretions  are  alkaline,  and  they 
suffice  very  soon  to  more  than  neutralize  the  acidity  of  tho 
gastric  juice,  and  so  to  convert  the  acid  vhymc  into  alka- 
line chyle^  which,  after  an  ordinary  meal,  will  contain  a 
great  variety  of  things:  mucus  denvcd  from  tho  alimen- 
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tary  canal;  ptyuliu  from  the  saliva;  pepsin  from  the  Bto- 
miidi;  water*  purlly  swallowed  and  partly  derived  from  the 
salivary  and  otlicr  gecTOtioDH;  the  jKiculiar  cuumitueiittj  uf 
the  bile  and  pauL-reatit-  juice  and  of  the  intestinal  secretionn; 
some  undigested  proteids;  unchan/^ed  .starch;  oils  from  the 
fats  eaten;  peptones  formed  in  the  Htoniaeh  but  not  yet 
absorbed;  possibly  salines  and  fiugar  which  have  also  escaped 
absorption  in  the  stomach;  and  indigestible  substances 
taken  with  the  food. 

The  Pancreatic  Secretion  is  clear,  watery,  alkaline,  and 
much  like  sidivu  iu  api)earance.  The  Germans  call  the 
pancreas  the  *'  abdominal  salivary  gland.''  In  digestive 
pro|>erties,  however,  the  pancreatic  secretion  is  far  more 
important  than  the  saliva,  acting  not  only  on  starch  but, 
also,  on  proteids  and  fats.  On  starch  it  acts  like  the  saliva, 
but  more  energetically.  It  produces  changes  in  pmteids 
Bimilar  to  those  effected  in  the  stomach,  but  by  the  agency 
of  a  different  ferment,  frypain;  which  differs  from  pepsin  in 
acting  only  in  an  alkaline  instead  of  an  acid  medium.  On 
fats  it  has  a  double  a^^tion.  To  a  certain  extent  it  breaks 
them  up,  with  hydration,  into  free  fatty  acids  and  glycerine; 
for  example — 
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The  fatty  acid  then  combines  with  some  of  the  alkali  pres- 
ent to  make  a  mnpy  which  being  soluble  in  water  is  capable 
of  absorjition.  Glycerine,  also,  is  soluble  in  water  and  dialy- 
xable.  The  greater  part  of  the  fats  are  not,  however,  so 
broken  up,  biU.  are  simply  mechanically  sejiarated  into  little 
droplets,  which  remain  suspended  in  the  chyle  and  give  it  a 
whitish  color,  just  as  the  cream-drops  arc  suspended  in 
milk,  or  the  olive-oil  in  mayonnaise  sauce.  This  is  effected 
by  the  help  of  a  quantity  of  albumin  which  exists  dissolved 
in  the  pancreatic  secretion.  In  the  stomach,  the  animal 
fats  eaten  have  lost  their  cell-walls,  and  have  become  melted 
by  the  temperature  to  which  they  are  exposed.  Heuoe 
their  oily  part  Aoats  free  in  tho  ch^^no  when  it  enters  the 
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If  oil  be  shaken  up  with  water,  the  two  csn- 
not  be  goi  to  mix;  imBtediatrij  the  ^^^^j^^  ceases  the  oil 
floatenp  tothe  t4^;  bat  if  some  ravc^  be  added,  a  creamT 
mixture  is  nadilj  fonaed,  in  which  the  oil  reoaisw  for  a 
kmg  time  ereslj  snifiendrA  in  the  watery 
The  nana  of  this  is  that  each  oO-dn^aec 
rauided  far  a  driit^te  pelli^  of  albnmeii»  and  is  xhxu  pn^- 
Teoted  from  fnang  with  \u  netghbora  to  make  large  diofMy 
vbU^h  would  soon  float  to  the  tofiu  Soch  a  xoixture  is  called 
an  emtilti^n^  and  the  albomin  of  the  pancmtic  cectvtion 
emulsifies  the  oils  in  the  chjie,  which  beooBMS  white  (for  the 
ame  rMson  as  milk  is  that  color)  becaue  the  inninDexBhle 
tmj  oO-drapa  floatxng  in  it  rafleci  all  the  lig^t  which  fafli 
OB  its  Barter 

The  paacreatm  secnftioa  thos  fooTerts  starch  into  grmpB 
sngar;  dimolTes  proteids  (if  necessarr)  and  conrerts  them 
into  peptooes;  emnUifies  £at^  and,  to  a  certain  extent,  breaks 
them  np  into  glycerine  and  fattj  acids,  which  latter  are 
■sponified  by  the  alkalies  preeent 

The  Bile.  Ilaman  bile  when  quite  fnsk  u  a  golden 
brown  liquid;  it  beoooies  green  when  kept.  As  formed  in 
the  lirer  it  contains  hardlj  auv  mucin,  but  if  it  makes  sbt 
star  in  the  gall-bladder  it  acquires  a  great  deal  from  the 
lining  membrane  of  that  sac,  and  beooows  verr  '■ropr.'^ 
It  is  alkaline  in  reaction  and,  besdes  coloring  matters,  min- 
cnl  salts^  and  water,  contains  the  sodium  salts  of  twonitro- 
geaisod  acid%  tamr^ckoik  and  ^ydMMi€y  the  f  onner 
dominating  in  bnman  bile. 

PtUaJBofer^M  BiU  Tt^t,  If  a  small  fragment  of 
•■gar  be  added  to  some  bile,  and  then  a  large  qoantitv 
strong  sulphuric  acid,  a  brillianl  purple  color  is  dereloped, 
hr  en-tain  products  of  the  deoompositioa  of  its  acids;  the 
physician  can  in  ibis  wav.  in  disease,  delect  tlieir  presence 
in  the  urine  or  other  secretions  of  the  Body.  GmuHm^t 
BiU  Test,  The  bile-ooloring  matters,  treated  with  TeDow 
nitric  acid,  go  through  a  series  of  oxidations,  sccompaniod 
with  changes  of  color  from  yellow-brown  to  green,  then  16 
blue,  violet,  purple,  red^  and  dirty  yellow,  in  successioB. 

Bile  has  no  digestive  action  upon  starch  or  proteids.     It 
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does  not  break  np  fats,  but  to  a  limited  extent  emulsifies 
thorn,  though  fur  less  perfect ly  than  the  j>aiicreiitic  secre- 
tion. It  is  even  donbtful  if  this  action  is  exerted  in  tho 
intestines  at  all.  In  many  animals,  ns  in  man,  the  bile  and 
pancreatic  ducts  open  togetlier  into  the  duodennm,  so  tlmt, 
on  killing  (hem  during  digestion  and  finding  emulsified 
fats  in  tho  chyle,  it  is  impoKt^iblc  to  ^ay  whether  or  no  the 
bile  had  a  share  in  the  ])roces8.  In  the  rabbit,  however,  tho 
pancreatic  duct  o]>ena  int/i  the  intestine  about  a  foot  farther 
from  tho  Rtoniach  than  the  bile-duct,  and  it  is  found  that 
if  a  rabbit  be  killed  after  being  fed  with  oil,  no  milky  chyle 
18  found  down  to  the  point  whci'c  the  pancreatic  duct  opens. 
In  this  animal,  therefore,  the  bile  alone  does  not  emulsify 
fats,  and,  since  tlie  bile  is  pretty  much  tho  same  in  it  and 
other  mannnsils.  it  prolml)ly  docs  not  emulsify  fats  in  them 
eitlier.  From  the  inertness  of  bile  with  res|»ect  to  most 
foodstuffs  it  has  been  doubted  if  it  is  of  any  liigestivc  use 
at  all,  and  whether  it  t^liould  not  be  regarded  merely  as  an 
excretion,  poured  into  the  alimentary  canal  to  l>e  got  nd  of. 
But  tliere  are  many  reasons  against  such  a  view.  In  tho 
finnt  placc»  tho  entry  of  the  bile  into  the  upper  end  of  the 
small  intestine  wheiv  it  has  to  traverse  a  course  of  more 
than  twenty  feet  before  getting  out  of  the  Body,  ins^tead  of 
its  being  sent  into  tho  rectum  close  to  the  final  ojwning  of 
the  ahmentary  canal,  makes  it  probable  that  it  has  some 
function  to  fulfill  in  the  intestine.  Moreover,  a  great  part 
of  the  bile  i>oured  into  IhejnteHlines  is  again  absorlied  from 
them,  only  a  small  part  being  iinally  excreted;  and  thiHalso 
seems  to  show  that  part  of  it  at  least,  is  secreted  for  some 
other  purpose  than  mere  elimination  from  the  Body.  One 
use  is,  no  doubt,  to  assist,  by  itn  alkalinity,  in  overcoming  the 
acidity  of  the  chyme,  and  so  to  allow  tho  tr>7)sin  of  tlie 
l)aucreatic  secretion  to  act  upon  proteids.  Constijiation  is, 
also,  apt  to  occur  ni  casps  where  tlie  bile-duct  is  temporarily 
fitoi)pcd,  60  tlmt  the  bile  ]>robat»ly  helps  to  excite  the  con- 
tractions of  the  muscular  coats  of  tho  intestines;  and  it  is 
said  that  under  similar  circumstances  putrefactive  decom- 
positions are  extremely  apt  to  oircur  in  the  intestinal  con- 
tents.     Apart  from  such  secondary  actions,  liowcvcr,  tho 
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bile  probably  litis  iMtno  infliieiicc  in  promoiing  the  absorp- 
tion of  fata.  If  one  end  of  a  wipilliiry  glass  tube,  moistened 
with  water,  be  dipped  in  oil,  the  latter  will  not  ui^cend  in  it, 
or  but  a  short  way;  but  if  the  tube  be  moistened  with  bile, 
instead  of  water,  the  oil  will  ascend  higher  in  it.  So,  too, 
oil  passes  through  a  plug  of  porous  clay  kept  moist  ^-ith  bile, 
under  a  much  lower  pressure  than  through  one  wet  with 
water,  llcnee  bile,  by  soaking  the  epithelijil  cells  lining  the 
intestine,  may  facilitate  the  passage  into  the  villi  of  oily  sub- 
staiicea.  At  any  rate,  ex(K'riment  shows  that  if  the  bile  be 
prevented  from  entering  the  intestine  of  a  dog,  the  animul 
eats  an  enormous  amount  of  food  compared  with  that 
amonnt  which  it  needed  previously;  and  that  of  this  food 
a  great  proportion  of  the  fatty  parts  jiasses  out  of  the  ali- 
mentary canal  unabsorbed.  There  is  no  doubt,  therefore, 
that  the  bile  somehow  aids  in  the  absorption  of  futs,  but 
exactly  how  is  uncertain.  Its  possible  action  in  exciting 
the  muscles  of  the  villi  to  contract  will  be  referred  to  pres- 
ently. Bile  precipitates  from  solution,  not  only  j)cpsin,  but 
any  peptones  contained  in  the  chyme  which  enters  the  in- 
testine from  the  stomach. 

The  Intestinal  Seoretioas  «»r  Succub  flatericus.  This 
consists  of  the  secretions  of  the  glands  of  Bruiiuer  and  the 
crypts  of  Lieberkuhn.  It  is  difficult  to  obtain  pure;  in- 
deed the  product  of  Brunner's  glands  has  never  been  ob- 
tained unmixed.  That  of  the  crypts  of  Lieberkiihu  is 
watery  aud  alkaline,  and  jwured  out  more  abundantly  dur- 
ing digestion  than  at  other  times.  It  h\%s  no  special  action 
on  starches,  must  proteids,  or  on  fats;  but  is  said  tu  dis.solvo 
blood  fibrin  and  convert  it  into  peptone,  and  t<»  change  wine 
into  gmpc  sugar,  a  trun.sformation  t!io  object  of  whjcli  \a 
not  very  clear,  since  cano  sugar  is  itself  readily  soluble  and 
diffusible. 

Intestinal  DigOBtion.  TTaving  considered  separately  the 
actions  uf  the  CL'cretiuns  with  which  the  fuud  meets  m  the 
small  intestine  we  may  now  consider  their  combined  effect. 

The  neutralization  of  the  chyuie,  followed  by  its  conver- 
sion into  alkaUne  chyle,  will  prevent  any  further  action  of 
the  pepsin  on  proteids,  but  will  allow  the  ptyalin  of  the 
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saliva  (the  activity  of  whicih  was  gt^ijtped  by  the  acidity  of 
the  gaatric  Juice)  to  recomnufnee  its  action  upon  starch. 
Moreover,  in  the  stomach  there  is  produced,  alongside  of  the 
true  peptones,  a  lK>dy  called  parapejitone,  which  agrees  very 
closely  with  syntonin  (p.  126)  in  ita  properties,  and  this 
passea  into  the  dnodennm  in  the  chvtne.  K»  soon  a«  the 
bile  meets  the  chyme  it  precipitates  the  parapeptone,  and 
this  carries  down  with  it  any  peptones  which,  having  es- 
caped absorption  in  the  stomach,  may  be  present;  it  also 
precipitates  the  pepsin.  In  conseqnence,  one  commonly 
finds,  during  digestion,  a  sticky  granular  precipitate  over 
the  villi,  and  in  the  folds  bi^tweon  the  val\'nlir  conniventes 
of  the  duodenum.  This  is  soon  redi-ssolvcd  by  the  pancre- 
atic secretion,  which  also  changes  into  peptones  the  pro- 
tcids  (usually  a  considerable  proportion  of  those  eaten  at  a 
mt'ul)  which  have  passed  through  the  stomach  unchanged, 
or  in  the  form  of  panipeptones.  The  conversion  of  starch 
into  grape  sugar  will  go  on  rapidly  under  the  influence  of 
the  pancreatic  secretion.  Fats  will  be  ^^\\i  up  and  saponi- 
fied to  a  certain  extent,  but  a  far  larger  j>ruj»ortion  will  be 
emulsified  and  give  the  chyle  a  whitish  appearance.  Cano 
sugar,  which  may  have  escaped  absorj)tion  in  the  stomach, 
will  be  converted  into  grape  sugar  and  absorbed,  along  with 
any  salines  which  may,  also,  have  hitherto  escaped.  Elastic 
tissue  from  animal  substances  eaten,  cellulose  from  plants, 
and  mucin  from  the  secretions  of  the  alimentary  tract,  will 
all  remain  unchangeil. 

Absorption  fVom  the  Snoall  Inteatino.  The  chyme  leav- 
ing tbc  stomach  is  a  semi-li«[ui(l  miii^s  which,  being  mixed 
in  the  duodenum  with  considerable  quantities  of  pancreatic 
secretion  and  bile,  is  still  further  dilut(*d.  Thenceforth  it 
gets  the  intestinal  secretion  added  to  it  but,  the  nhs^irption 
more  than  counterbalancing  the  addition  of  liquid,  the  food- 
mass  becomes  more  and  more  solid  as  it  approaches  the 
ileo-colic  valve.  At  the  same  time  it  becomes  poorer  in 
nutritive  constituents,  tlieso  being  gradnally  removed  from 
it  in  its  progress;  most  dialyze  through  the  epithelium  into 
the  subjacent  blood  and  lymphatic  vessels,  and  are  carried 
off.      Those  passing  into  the  blood  capillaries  are  taken  by 
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the  portal  veiu  to  the  liver;  while  those  cnteriug  the  lucteals 
ftTO  carried  into  tho  left  jnguliir  voiii  hy  Llie  thoracic  duct. 
Aa  to  whif^h  foodstuUri  go  ono  roiid  und  which  the.  other, 
there  ia  litiU  luuch  doubl ;  sugiirs  prolmhly  go  by  the  portal 
system,  M'hilo  tho  fats,  mainly,  if  not  eutiiely.  go  through 
the  lactcals.  IIow  the  fats  arc  absorbed  is  not  clear, 
since  oils  will  nut  dialyzc  through  membranes,  such  aa  that 
lining  tho  intestine,  moistened  with  watery  lif|uid.s.  jSfoat 
of  them,  however,  certainly  got  into  the  lucteals  as  oils  and 
not  as  soluble  snaps;  for  one  finds  these  vessels,  in  a  digest- 
ing animal,  tilled  with  a  beautifully  white  milky  chyle;  while 
at  otlier  periods  their  contents  are  watery  and  coli»rle8K  like 
the  lymph  elsewlieiv  in  the  Budy.  Tlic  little  fat-drops  of 
the  emulsion  foi-med  in  tho  intestine,  go  through  tho  epi- 
thelial cells  and  not  between  them,  for  during  digestion 
one  tindfi  these  cells  h)aded  with  ojl-drojjlcts.  Now  tho 
free  ends  of  these  cells  are  striated  and  jimhubly  devoid  of 
any  definite  cell-wall,  and  it  is  possible  that  the  intestinal 
movements  S(jueezeoil-dnjj>s  int«  them,  which  the  cell  then 
passes  on  to  its  droper  end  and,  thence,  out  into  the  sub- 
jacent lymph-spaees,  which  conimuuieato  with  the  c»entral 
lacteal  of  a  villus.  Possibly,  too,  these  cells  arc  amceboid 
and  can  thrust  out  processes  from  their  free  ends  and 
actively  piik  up  the  oil-drops.  In  tho  villus  there  are  all 
tiic  anatomical  armngemcnts  for  a  mecbunism  which  shall 
actively  suck  up  substances  into  it.  Each  is  more  or  less 
ehistic,  aiul,  moreover,  its  capillary  network  when  tilled  with 
blood  will  di.stend  it.  If  therefore  the  mnscular  stratum 
(p.  331)  contracts  and  compresses  it,  emptying  its  lactcida 
into  tho  vessels  lying  deeper  in  the  intestinal  wall,  tho  villus 
will  actively  expand  again  so  soon  as  its  muscles  relax. 
In  so  doing  it  could  not  fill  itv-^  hicteals  from  the  deeper  ves- 
sels, on  aecountof  the  valves  in  the  hitter,  and,  accordingly*, 
would  tend  to  draw  into  itself  materials  from  tho  intestines; 
much  like  a  sponge  re-expanding  in  water,  after  having  been 
squeezed  dry.  Tho  liijuid  thus  sucked  up  may  dniw  oil- 
drupti  with  it,  into  the  free  ends  of  tlic  cells  and  between 
them;  and  by  rciietitiona  of  the  process  it  is  jwysible  that 
considerable  rpiantities  of  li<pijd,  with  susiiendcd  oil-drop.s. 
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might  be  carried  into  the  vilhia  indepondetitly  of  any  pro- 
cess of  dinlysis.  The  bile  moistening  tlio  eurface  of  the 
villus  may  facilitate  the  passage  of  oil.  as  it  does  thnmgh  a 
paper  filter  or  a  plate  of  plaster-of-Paris,  and  it  is  also  suid 
to  stimulate  the  coutractiona  of  the  villi;  if  so,  its  efficacy 
in  promoting  the  absorption  of  fats  will  be  explained,  in 
Fpite  of  its  chemical  inertness  with  respect  to  those  boflies. 

Digestion  in  the  Iiarge  XntestiBO.  The  contractions  of 
the  small  intestine  drive  on  its  continually  diminishing 
contents,  until  they  reach  the  ileo-colic  valve,  through  which 
they  are  ultimately  pressed.  As  a  rule,  when  the  masB 
enters  the  large  intestine  its  nutritive  portions  have  been 
almost  entirely  absorbed,  and  it  consists  merely  of  some 
water,  with  the  indigestible  |>f)rtiou  of  the  food  and  of  tho 
secretions  of  the  alimentary  amal.  It  contjiins  cellulose, 
clastic  tissue,  mucin,  and  somewhat  altered  bile  pigments; 
commonly  some  fat  if  a  large  quantity  has  boon  eaten;  and 
some  8tai*ch,  if  raw  vegetables  have  formed  part  of  the  diet. 
In  its  progress  through  the  large  intestine  it  loses  more 
water,  and  tho  digestion  of  starch  and  the  absorption  of 
fats  is  continued.  Finally  the  residue,  with  some  excretory 
matters  added  to  it  in  the  large  intestiuo,  collects  in  tho 
sigmoid  flexure  of  the  colon  and  in  the  rectum,  and  is 
finally  sent  out  of  the  Body  from  the  latter. 

The  Digestion  of  an  Ordinary  Meal.  We  may  best  sum 
up  the  facts  sLutcd  in  this  rhaptcr  by  considering  the  diges- 
tion of  a  common  meal;  say  a  breakfast  consisting  of  bread 
and  butter,  beefsteak,  potat-ocs  and  milk.  Many  of  those 
substances  contain  several  alimentary  principles,  and,  sintre 
these  are  digested  in  different  ways  and  in  different  parts 
of  the  alimentary  tract,  the  first  thing  to  be  done  is  to  con- 
sider what  are  the  proximate  constituents  of  each.  We 
then  sejmrate  the  materials  of  the  breakfast  as  in  the  fol- 
lowing table — 
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From  such  u  meal  we  may  tu*!*l  sepurute  the  clustin,  cel- 
lulose, mid  calcium  sulphate,  as  iudigestihje  and  passed  out 
of  the  Body  id  the  same  titate  and  in  the  same  quantity  as 
thev  entered  it.  Then  come  the  salines  which  need  no 
.special  digeHtion,  and,  cither  taken  in  solution  or  dis- 
solved in  the  saliva  or  gastric  juice,  are  absorbed  from  the 
mouth.  Htnmach  and  intentiueii  without  further  change. 
Caiio  and  gnipe  sugars  exi>erience  the  same  fate,  except 
that  any  cane  sugar  reaching  the  intestines  before  absorp- 
tion is  liable  to  be  changed  into  grape  sugar  by  the  succu^f 
enterkiu.  Calcium  phosphate  will  bo  dissolved  by  the 
free  acid  in  the  stomach,  yielding  calcium  chloride,  which 
will  bv  absorbed  there  or  in  the  intestine.  Starch  will  bo 
partially  c*onverted  into  grape  sugar  during  mastication  and 
deglutition,  and  the  sugar  will  bo  absorbed  from  the  sto- 
mach. A  great  part  of  the  starcii  will,  however,  bo  passed 
on  into  the  intestine  unchange<l,  fiince  the  action  of  the 
»7;iliva  is  suspended  in  the  stomiK^li;  Jiud  its  conversion  will 
bo  completed  by  the  pancreatic  secretion,  and  by  the  ptyalin 
of  the  saliva,  which  will  recommence  its  activity  when  the 
chyle  becomes  alkaline.  The  various  px'otcicl.s  will  be  par- 
tially dissolve<l  ill  the  stomach  and  converted  into  peptones, 
which  will  in  part  be  absorbed  there;  the  residue,  with  the 
undigested  proteids,  will  be  passed  on  to  tlie  intestines. 
There  the  bile  will  precipitate  the  peptones  and  (»anipc[»- 
tones  and,  with  the  pancreatic  sctrretion,  render  the  chyme 
alkaline,  and  so  stop  theactivity  of  the  gastric  pepsin.  The 
pancreatic  secretion  will,  however,  redissolve  the  precipi- 
tated peptone,  and  the  unchanged  proteids  and  parapeptone. 
and  tnrn  the  hitter  two  into  )ieptonea;  these  will  be  absorbed 
jis  they  jmss  along  the  small  intestine;  n  small  quantity  per- 
haps passing  into  the  large  intestine,  to  bo  taken  up  there. 
The  fut'^  will  remain  unchanged  until  they  enter  the  small 
intestine,  except  that  the  protcid  cell-walls  of  the  fats  (►f 
the  beefsteak  will  be  dissolved  away.  In  the  small  intes- 
tine these  bodies  will  bo  iiaitially  saponified,  but  mo.-t  will 
be  emulsified  and  tjiken  up  into  the  lacteal^  in  that  condi- 
tion.    Gelatin,  from  the  white  fibrous  tissue  of  the  beef- 
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steak,  will  undergo  changes  iu  the  Btomaeb  and  intesti; 
aud  be  (iiftsnlvfd  (ind  tibsorbcd. 

The  substances  leaving  the  ahmontary  canal  after  siich  a 
meal  would  be,  primarily,  the  indigestible  cellulose  and 
elastin.  together  with  some  water.  But  there  migiit  be  in 
addition  some  unabsorbod  futs,  starch,  and  Sidts-.  To  this 
wouhl  be  added,  in  thi.'  ulimenturv  eantd,  mucin,  some  of 
the  furmeuts  of  iho  digestive  seeretionn.  8ome  Blightly 
altered  bile  pigments,  autl  oMipr  bodies  excreted  by  the 
large  intestine. 

Dyspepsia  i;-'  the  common  name  of  a  number  of  diseased 
conditions  attended  with  loss  of  a]>petite  or  troublesome 
digestion.  Being  usually  unattended  with  acute  pain,  and 
if  it  kills  at  all  doing  so  very  slowly,  it  is  pre-eminently 
suited  for  treatment  l>y  domestic  quackery.  In  reality, 
however,  the  immediate  cause  of  the  symptoms,  and  the 
trcMment  cidlcd  for^  may  vary  widely;  and  their  detection 
and  the  choice  of  the  proper  remediid  agents  often  call  for 
more  than  ordinary  medical  skill.  A  few  (ff  the  more  com- 
mon forms  of  dysjiepsiu  may  \w.  mentioned  here,  with  their 
jiruximate  causes,  not  in  order  to  (^nablc  pcn]do  to  under- 
tiike  the  rash  experiment  of  dosin;^  tUeniscIvos,  but  to  show 
how  wide  a  chance  there  is  for  jiiiy  unskilleil  treatment  to 
miss  its  end,  and  do  more  harm  than  good. 

Appetite  is  primarily  due  to  a  condition  of  the  mnoous 
membrane  of  the  stomach  which,  in  hcaltli,  comes  on  after 
a  *^!Io^^  fast,  an<l  stimulates  its  sensory  nerves;  aiul  logs  of 
appetite  may  l)e  duo  to  eilher  of  several  causes.  The  sto- 
macb  may  be  apathetic  and  lack  its  normal  pcnsihility,  so 
that  the  em|)ty  condition  does  not  act,  as  it  normally  docs, 
as  a  fiulticient  excitjmt.  When  food  is  taken  it  is  a  further 
stimulus  and  may  be  enonj^h  ;  in  sucli  cffcsea  *'ap])et.ite 
comes  with  eating."  A  bitter  before  a  meal  is  useful  as  an 
a]ii>etizer  to  i)atient3  of  tliis  wort.  On  the  other  hand,  the 
stomach  may  t>e  too  sensitive,  and  a  voi-ncious  appetite  bo 
felt  before  a  meal,  which  is  rcplaoed  by  nausea,  or  oveu 
vomiting,  as  soon  us  a  few  mourlifuls  have  been  swidlowed; 
the  extra  stimulus  of  the  food  then  over-stimulates  the  too 
rritable  stomach,  just  as  a  draught  of  mustard  aud  wanu 
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wat^r  will  a  healthy  one.  The  proper  treatment  in  such 
cases  is  a  soothing  one.  Wtien  food  is  tuken  it  ouglit  to 
stimulate  the  sensury  gastric  nerves,  so  aa  to  excite  the  reflex 
centres  for  the  secretory  nerves,  and  for  tlte  dilatation  of 
the  blood-vessels,  of  the  organ;  if  it  does  not,  tl'e  gastric 
juice  will  bo  imperfectly  secreted.  In  snch  cases  one  may 
f^timuhite  tlie  secretory  nerves  by  weak  alkalies  (p.  330),  as 
Apolliuaris  water  or  a  little  carbonate'  of  soda,  before  meals; 
or  give  drugs,  as  strychnine,  which  increase  the  irritability 
of  reflex  nerve-centres.  The  vupcular  dilatation  may  be 
helped  by  warm  drinks,  and  this  is  [irulably  the  rationale 
of  the  glass  of  hot  wat^r  aftor  oatitig  which  has  recently 
l^e*?!!  in  vogue;  the  usual  cup  of  hot  coffee  after  dinner  (the 
desirability  of  which  is  proved  by  the  consensus  of  civilized 
mankind)  is  a  more  agreeable  form  of  the  same  aid  to 
digestion.  In  states  of  general  debility,  when  the  stomach 
ig  too  feeble  to  secrete  under  anv  stimulation,  the  adminis- 
tration  of  weak  acids  and  artitlcially  prepared  pepsin  in 
needed,  so  as  to  supply  gastric  juice  from  outside,  until  the 
improved  digestion  strengthens  the  stomach  up  to  the 
point  of  being  able  to  do  its  own  work. 

Enough  has  ]»r(>bahly  been  said  to  show  that  dyspepsia 
is  not  a  disease,  hut  a  symptom  accompanying  many  patho- 
logical <s>iiditiona,  ref|uiring  special  knowledge  for  their 
treatment.  From  its  nature— depriving  the  Body  of  its 
proper  nourishment — it  tends  to  intensify  itself,  and  uo 
should  never  be  uoglectcd;  a  stitch  in  time  saves  nine. 


CHAPTER    XXIV. 
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Be&nitiona.     Tlie  blaod  aa  it  flows  frnm  the  right  ven 
tricle  of  the  heart,  through  the  lungs,  to  the  left  uuriclo, 
losc'^  Ciirhuu  tiioxide  and  guhia  oxvgeu.     In  the  Bystenii 
firculatiou  exactly  the  reverse  chuiiges  take  place,  oxygea' 
leaving  the  blood  tu  supply  the  living  tissues  and  carl>o 
dioxide,  gcucnited  iu  tlierii.  passing  buck  into  the  blood 
eapillaries.      Tlie  oxygen  Xoi^a  and  earboa  dioxide  gain  are 
ttfisociatod  with  a  ehunge  in  the  color  of  tho  blood  from 
bright  scarlet  to  purple  red,  f)r  from  arterial  to  vonons;  and 
the  opposice  changes  in  tho  lung^  restore  to  tlie  dark  bloo<l 
its  briiiht  tint.     The  whole  set  of  processes  through  which 
blood    becomes   venuu«    in    the   systemic    circulation    and 
arterial  in  the  pulmonary — in  other  words  the  proce&ses 
concerned  iu  the  gatjoous  rece}ttion,  distribution  and  elimi- 
nation of  the  Body — constitute  the  function  of  respiration; 
8o  much  of  this  as  is  concerned  in  the  iutercbangee  between 
tho   blood  and  air   being   known  as  external  respiration; 
while  the  interchanges  occurring  in  the  Mstemiccapillarie 
and  the  processes  in  general  by  which  oxygen  is  fixed  on 
carbon  dioxide  formed  by  the  living  tissues,  are  known 
internal  respiration.     "When  the  term  respiration  ia  ui 
alone,  without  any  limiting  adjective,  the  external  respira- 
tion only,  is  commonly  meant, 

Bespiratory  Organs.     The   hlood   being    kept  poor  iifl 
oxygen  and  rich  in  curhon  ditixide  by  the  action  of  the  liv-^ 
ing  tissues,  a  certain  amount  of  gajjeous  interchange  will 
nearly  always  take  j)hice  when  it  comes  into  close  proximilv 
to  tho  surrounding  mediiini;  whether  this  be  the  atmot^- 
pherc  itflelf  or  water  contaiuiug  air  in  tsulution.      When  aa 
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animal  is  snuill  there  are  often  no  special  organs  for  its  ex- 
ternal respinition,  lU  general  surfiwre  being  sufficient  (espe- 
cially in  ar|uati<*  animals  with  a  moist  skin)  Xx\  permit  of  all 
the  gaseous  exchange  that  is  necegiwry.  In  tlie  simplest 
creatures,  indeed,  there  is  even  no  blood,  the  cell  or  colls 
composing  them  taking  up  for  themtfclves  from  their  en- 
vironment the  oxygen  whicli  they  need,  and  passing  out 
into  it  their  carbon  dioxide  waste;  in  otlier  words,  tliere  \s 
no  differentiation  of  the  external  and  internal  respirations. 
When,  however,  an  animal  is  larger  many  of  its  cells  arc  so 
far  from  a  free  surface  that  they  uinnot  transact  this  give- 
and-take  with  the  surrounding  medium  directly,  and  the 
blood,  or  some  liquid  representing  it  in  this  respect,  serves 
as  a  middleman  between  the  living  tissues  and  the  external 
oxygen;  and  then  one  usually  finds  special  respiratory  or- 
(fans  developed,  into  which  the  blood  is  brought  to  rejdace 
its  oxygen  loss  and  get  rid  of  its  excess  of  carbon  dioxide. 
In  aquatic  animals  such  organs  take  commonly  the  form 
of  gills;  these  are  protrusions  of  the  body  over  which  a 
constant  current  of  water,  contjiining  oxygen  in  solu- 
tion, is  kept  up,  and  in  which  blixxl  capillaries  form  a 
close  network  immediately  beneath  the  surface.  In  air- 
breathing  animuls  a  different  arrangement  is  usually  found. 
In  some,  as  frogs,  it  is  true,  the  skin  is  kept  moist  and 
serves  as  an  important  respiratory  organ,  largo  quanti- 
ties of  venous  bloud  being  sent  to  it  for  aeration.  But  for 
the  occurrence  of  the  necessary  gaseous  diffusion,  the  skin 
must  be  kept  very  moist,  and  this,  in  a  terrestrial  animal, 
necessitates  a  great  amount  of  secretion  by  the  cutaneous 
glands  to  compensato  for  evaporation;  and  aceordiugly  in 
land  animals  the  air  is  usually  carried  into  the  body  by 
tubes  with  narrow  external  orifices,  and  so  the  drying  up  of 
the  breathing  surfaces  is  greatly  diminished;  jnst  as  water 
in  a  bottle  witlk  a  narrow  neck  will  disnpjiear  mx;ch  more 
slowly  than  the  same  amount  exi>oscd  in  an  open  dish.  In 
insectji  (as  boes,  bnttorfiics.  and  beetles)  the  air  is  carried 
by  tul)es  whicii  split  up  into  extremely  tine  brandies  and 
ramify  all  thr«^jgh  the  body,  even  down  to  the  individual 
tissue  elements,  which  thus  cai*ry  on  their  gaseous  exchanges 
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without  the  intervention  of  the  blood.  But  in  iIr*  grcHt 
majority -of  air-breiithinj;  animals  the  arrangement  ia  dif- 
ferent; the  iiir-dibcH  leading  from  the  exterior  of  the  body 
do  not  subdivide  into  branches  which  ramify  all  through  it, 
but  ojien  into  one  or  more  large  sacs  to  which  the  venous 
blood  is  }>ronght,  and  in  whose  walls  it  flows  through 
a  close  cftjiilUry  network.  Such  respiratory  sacs  are  called 
hmys,  and  it  is  a  highly  developed  form  of  them  which  is 
emnloyed  iu  the  Human  Body. 

The  Air-PoBftageB  and  Ltmg^s.    In  our  own  Bodies  some 
email  amount  of  respiration  is  carnod  on  in  tlie  alimeuLary 

canalj  the  air  swallowed  with 
food  or  saliva  undergoing  gas- 
eous exchanges  with  the  blood 
in  the  ga,«tric  and  intestinal  mu- 
cous membranes.  The  amonnt 
of  oxygen  thus  obtained  by  the 
blood  is  however  very  trivial,  as 
is  that  absorbed  through  the 
skin,  covered  as  it  is  by  its  dry 
horny  non-vascular  epidermiH. 
All  the  really  es>:ential  gaseous 
intt^ri'liuiiges  between  the  Bodv 
and  the  atmosjiherc  take  place 
in  the  lungs,  two  large  sacs  (/«, 
Fig.  1)  lying  in  the  thoracic 
cavity,  one  on  ea^'h  side  of  the 
heart.  To  tliese  sacs  the  air  is 
conveyed  through  a  series  of 
passages.  Entering  the  pharynx 
through  the  nostrils  or  mouthy 
it  passes  out  of  tliis  by  tlie  open- 
ing leading  into  the  larynx,  or 
voice-box  (rt.  Fig.  104),  lying  in 
the  upper  part  of  the  neck  (the  communication  (»f  the  two 
is  seen  in  Fig.  8f));  from  the  larynx  passes  back  the 
/rrtr^tf<i  or  windpipe,  i,which,  after  entering  the  chest  cavity, 
dividea  into  the  riyht  and  left  hroncht\  d,  e.  Each  bronchus 
divides  up  into  emallcr  and  smaller  branches,  called  bron- 


Fia.  101.— ThelungiiAncI  air-p«»- 
KAfPs  Hi^en  from  the  front.  <  )n  the 
Wii  of  the  flKiin*  the  pulmonary 
tiwuie  has  b(*en  tlitMtHTt***!  awny  U) 
5hr>M- tht^ramlflcatiunKortlif*  hrnii- 
chl&Iiubra.  a,  l&r)'ux:  b.  tmoht-a: 
d,  titfht  bronchuii.  The  left  brt>ii- 
rhtiins  aroD  cnt<Ting  the  root  of  ft* 
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Fto.  t06.~A  small  bronchial  tube, 
(I.  dlvitliiiK  luUrftsterrniiiiit  hmueli- 
v^  r;  tlMtM  bAV(*  |>oiii>hi-Hi  or  iuum-u- 
X-xivX  wqIK  and  eoil  in  tho  Mii.t:u- 
)au-a  nJveuli.  b. 


chial  tith'i*^  within  thu  lungou  iUowii  side;  ami  tliosmalleat 
bronchial  tubu-s  cud  in  su^^culatcd  dilututious,  tho  alveoli  of 
tho  Uings,  tlio  sacculations  (Fig.  IOC)  being  the  air-cells: 
tho  word  '*  cell"  being  heru  usi*d 
in  its  j>rimitivc  sensu  of  a  Nmall 
cavity,  aiul  not  in  its  later  tech- 
nical signitication  of  a  morpho- 
logical unit  of  ihe  Body.  On 
the  walls  of  the  air-cells  tho 
pulmonary  cupiUaries  ramify. 
and  it  is  in  tbcni  that  the  inter- 
changes of  the  external  respira- 
tion t^ko  ]>lucc. 

Structure  of  the  Trachea 
Bind  Bronchi.  Tliu  wiiidpi|>c 
may  readily  bo  felt  in  tho  middle  line  of  the  neck,  a  little 
below  Adam's  a])ple,  us  a  rigid  cylirulrii:::il  miLss.  It  con- 
sists ftiiulumentally  of  a  librous  titU^  in  wliich  cartilages 
are  imhcddod>  so  as  to  keep  it  from  collapsing;  and  is  lined 
internally  by  a  mucoas  membrane  covered  by  several  layers 
of  epilhelium  cells,  of  which  the  superfieiul  is  ciliated  (Fig. 
47)*.  The  cartilages  imlxdded  in  its  walls  are  imperfect 
rings,  each  somewhat  the  sliape  of  a  horseshoe  and  the 
delicienipart  of  each  ring  being  turned  backwards,  it  comea 
to  pass  that  the  deeper  or  dorsal  side  of  tho  windpipe  has 
no  hard  parts  in  it.  Against  this  side  tho  gullet  lies,  and 
the  absence  thereof  the  cartilages  no  doubt  facilitates  swal- 
lowing.    The  bronciii  resemble  the  windpipe  in  structure. 

The  Structure  of  the  Lunga.  These  consist  of  the 
bronchial  tuben  and  their  terminal  dilatations;  numerous 
blood-vessels,  nerves  and  lyniphaticH;  and  an  abnndaucc  of 
connective  tissue,  rich  in  clastic  iibres,  binding  all  together. 
The  bronchial  tubes  ramify  in  a  trec-Iikc  manner  (Fig.  104). 
In  structure  the  larger  ones  resemble  tho  trachea,  except 
that  tho  cartilage  rings  arc  not  regularly  arranged  so  as  to 
have  their  open  parts  all  turned  ono  way.  As  tlio  tubes 
become  smaller  their  constituents  thin  away;  the  cartilages 
become  less  frequent  and  finally  disappear;  the  epithelium 
is  reduced  to  a  ?in.Tle  layer  of  culls  which,  thougli  etill  cili- 
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uted,  arc  much  sliortor  in:ui  the  columnar  siipcrfichd  cell 
layer  of  the  larger  tuU's.  The  te:T.i::i;il  jilvcnli  («,  n,  Frg. 
106.)  ami  the  aJi*-ccUs,  h,  whicli  ojteii  into  tliem.  have  walls 
oompoHHl  mainly  of  elastic  tissue  and  linrO  by  a  single 

hiyerof  Hal,  iion-cilialecl  epi- 
thelium, imnicdintcly  beneath 
which  is  a  very  close  network 
ijf  ca])illary  blwni  -  vessels. 
The  air  i-nttrii]^  by  llif  bron- 
cliiul  tiiljc  18  thii.'^  only  gopa- 
ruti'd  from  the  bhiod  by  the 
(hiu  ea]iillary  wall  and  the 
thin  cpilliHiuiu.  bufli  of 
which  ure  moist,  and  well 
adapted  to  permit  gaBeons 
diffusion. 

The  Pleiira.  Each  lung 
is  eovcred,  exce]>t  at  one 
point,  by  un  chiptic  serous 
mend)rune  which  adheres 
tightly  to  it  and  is  called  the 
jilettra;  tlmt  jioint  at  which 
the  pin  urn  iH  wanting  is  called  the  ruol  K^i  the  lung  and  is 
on  its  inner  side;  it  is  there  that  its  bronchtiSj  blood-vesselfl 
and  nerves  enter  it.  At  the  root  of  the  lung  the  pleura 
turns  biit'k  and  ]ine«  the  inside  of  the  fhest  cavity.,  as  re])- 
rcscjitcd  by  the  dotted  line  in  the  diagram  Fig.  1.  Tlio 
part  of  the  pleura  attached  to  each  lung  is  its  viscera^  and 
that  attiiclied  to  tJie  chest-wall  its  parietal  layer.  Each 
pleura  thus  forms  a  closed  eac  surrounding  upler/rnh'rrviti/, 
in  which,  during  liealth,  there  are  found  a  few  drops  of 
lymph,  keeping  its  eurfaccs  moist.  This  lessens  friction 
Ik'Twccu  the  two  layers  during  the  movements  of  the  chest- 
walla  and  the  lungs;  for  although,  to  insure  distinctnesa, 
the  visceral  and  parietal  layers  of  the  pleura  are  represented 
in  the  diagram  us  not  in  contact,  that  is  not  the  natunil 
condition  of  things:  the  lungs  arc  in  life  distende»i  so  that 
the  visceral  jilrura  rubs  against  the  parietal,  and  the  pleural 
-cavity  is  practic-ally  obliterated.     This  is  brought  about  by 


Fio.  lOfl  -Two  Blvef>ll  of  thn  lung 
highly  iniyfiilflpfl.  fc,  b.  the  air<ett». 
or  hollow  pn_itni«ioiui  of  the  Alveolus, 
Ofifitintc  into  Itsu-**!!!™!  cavity;  c,tvr- 
mirittJ  limnL'lif!^  of  a  broucblal  tutie. 
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the  pressure  of  the  atmosphere  on  the  inside  of  the  lungs, 
through  the  air-passagea.     The  lungs  are  extremely  elastic 
and  distensible,  and  when  the  chest  cavity  is  perforated 
each  shrivels  up  just  as  an  mdian-rubber  bladder  does  when 
it*   neck   is   opened;  the  reason   being  that  then   the  air 
presses  on  the  outside  of  each  with  as  much  force  as  it  does 
on  the  inside.     These  two  pressures  neutralizing  one  an- 
other, then'  IS  nothing  to  overcome  the  tendency  of  the 
kings  to  collapse.     So  long  as  the  chest-walls  are  whole, 
however,  the  lungs  remain  distended.     The  pleural  sac  is 
air-tight  and  contains  no  air,  and  the  pressure  of  the  air 
around  the  Body  is  borne  by  the  rigid  walls  of  the  cheat 
and  prevented  from  reaching  the  lungs;  consequently  no 
atmospheric  pressure  is  exerted  on  their  outsides.    On  their 
interior,   however,   the  atmosphere  presses  with  its  full 
weight,  equal  (sec  Physics)  to  about  9U  centigrams  on  a 
square  centimeter  (14.5  lbs.  on  the  square  inch),  and  this 
IS  far  more  than  sufficient  to  dist-end  the 
lungs  so  as  to  make  them  completely  fill 
all  the  ]>arts  of  the  thoracic  cavity  not 
occupied  by  other  organs.     Suppose  A, 
(Fig.  107)  to  be  a  bottle  closed  air-tight 
by  a  cork  through  which  two  tubes  pass, 
one  of  which,  b,  leads  into  an  elastic  bag, 
*/,  and  the  other,  r,  provided  with  a  stop- 
cock, opens  freely  below  into  the  bottle- 
If  the  stop-cock,  c,  is  open  tho  air  will 
enter  the  bottle  and  press  there  on  the 
outside  of  the  bag,  a.s  well  as  on  its  in- 
side through  b.     The  bag  will  therefore 
collapse,  as  the  lungs  do  when  the  chest  cavity  is  opened. 
But  if  some  air  be  sucked  out  of  c  the  pressure  of  that  remain- 
ing in  the  bottle  will  diminish,  while  that  inside  tho  bag 
will  be  the  same,  and  rhoba/wijl  thus  I>l*  blown  up,  because 
the  atmospheric  pressure  on  its  interior  will  not  be  balanced 
bv  that  on  its  extoiioi.     At  last,  when  all  tho  air  is  sucked 
out  of  the  bottle  and  the  stop-cock  on  c  closed,  the  bag,  if 
sufficiently  distensible,  will  l)e  expanded  so  as  tocompletelv 
fill  the  bottle  and  press  against  its  inside,  and  the  state 
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of  things  will  then  anBwer  to  that  naturally  found  in  the 
chest.  If  the  hortle  wcro  now  increased  in  size  without 
letting  air  into  it,  the  bag  would  expand  still  more,  so  as  to 
fill  it,  aod  in  so  doing  would  receive  air  from  outside 
through  h\  and  if  the  bottle  then  retui-ned  to  its  onginal 
size,  its  walls  would  press  on  the  bag  and  canse  it  to  shrink 
and  expel  some  of  its  air  through  L  Exactly  the  same 
must  of  course  happen,  under  similar  circuniistances,  in  the 
chest,  the  windpipe  answering  to  the  tubti  b  through  which 
air  enters  or  leavps  tlio  pht'^tit*  sac. 

The  Bospiratory  Movomenta.  The  air  taken  into  the 
Inngs  soon  becomes  laden  in  tlicni  with  carbon  dioxide,  and 
at  the  siimo  time  loses  ranch  of  irs  oxygen;  these  inter- 
changes taking  place  mainly  in  the  deep  recesses  of  the 
alveoli,  far  from  the  exterior,  and  only ("unnunicuting  with 
It  through  a  long  tract  of  narrow  tubes.  The  alveolar  air, 
thus  become  unfit  to  any  longer  couTcrt  venous  blood  into 
arterial,  could  only  very  slowly  be  renewed  by  gaseous  dif- 
fusion with  the  outer  air  through  the  ^►ng  air-passnges — 
not  nearly  fast  enough  for  the  rt'(|nirements  of  the  Body,  n& 
any  one  readily  experienres  through  the  sensation  of  suffo- 
cation which  follows  holdin^^  the  breath  for  a  very  short 
rime.  Consequently.  a<ldcd  to  the  brcatliing  lungs  is  a 
respiratory  mcr/Ktnium,  by  which  the  air  within  them  is 
periodically  mixed  with  fresh  air  taken  from  the  outside, 
and  also  the  air  in  the  alveoli  is  stirred  n|)  so  as  to  bring 
fresh  layers  of  it  in  contact  with  the  walls  of  tiie  air-cells. 
This  mixing  is  brought  about  bv  the  breathing  movements, 
consisting  of  regularlv  alternating  insptrafinnsy  during 
which  the  chest  cavity  is  enlarged  and  fresh  air  enters  the 
lungs,  and  expirations,  in  which  tlie  cavity  is  diminished 
and  air  expelled  from  the  lungs.  AVhcn  the  chest  is  enlarged 
the  air  tho  lungs  cont^iin  immediately  distends  them  so  aa 
to  fill  the  larger  space;  in  so  doing  it  become  rarefied  and 
loss  dense  than  the  external  air;  and  since  gases  flow  from 
points  of  greater  to  those  of  less  pressure,  some  outside  air 
at  once  flows  m  by  tho  air-passages  and  enters  tho  lungs. 
In  expiration  tho  reverse  takes  place.  The  chest  cavity, 
diminishing,  presses  on  the  lungs  and  makes  the  air  inside 
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tbem  denser  thaii  the  external  air,  and  so  some  passes  out 
until  an  equilibrium  of  pressure  is  restored.     The  chest,  in 
fuft,  ucLcs  very  mucli  like  a  heilows.     When  the  bellows  arc 
opciu'd  air  enters  in  con- 
sequence of  the  rurcfiu^tion 
of  that    in  the  interior, 
which  is  expanding  to  fill 
the  larger  space;  unil  wjien 
the  bellows  are  closed 

..    -  II     1        m  F"'"    "*  -  niiwrmm  to  HluirtrBto  th*»  en 

again   it   is    expellea.       to      iryor  ain^pthe  luoj^iwhentheeboraclc 

make  the  bellows  f\\\\\Q  ^'^''r  «-«i-rs.« 
like  the  lunps  we  must,  however,  as  in  Fig  108.  have  only 
one  opening  in  them,  that  of  the  nozzle,  for  both  the  entry 
and  exit  of  the  nir;  and  this  opening  shonid  lead,  not 
directly  into  the  bellows  cnvitv,  but  into  an  clastic  bag 
lying  in  it,  and  tied  to  iJio  inner  cud  of  the  nozzle-pipe. 
This  sac  would  represent  the  lungs  and  the  space  between 
its  outside,  and  the  inside  of  the  bellows,  the  pleural  cavi- 
ties. 

W\*  have  next  to  see  bow  the  expansion  and  contraction 
of  tlie  chc8t  canity  are  brouglit  about. 

The  Sttiicture  of  the  Thorax.  The  thoracic  cavity  baa 
a  conical  form  determined  bythcsbapcof  its  skeleton  (Fig. 
109).  '\i»  narnnver  end  being  turned  upwiirds.  Dnrsally, 
ventrally,  ami  on  the  sides,  it  is  supported  by  the  rigid 
framework  atTorded  Ity  the  dorsal  vertebrae,  the  breast-bone, 
and  the  nbs.  Between  and  over  these  lie  muscles,  and  the 
whole  is  covered  in,  air-tight,  by  the  skin  externally,  and  the 
parietal  layers  of  the  pleurjv  inside.  Above,  its  aj^ertnre  is 
closed  by  muscles  and  by  various  organs  passing  between 
the  thorax  and  the  neck:  and  below  it  is  bounded  by  the 
tliaphrwvH,  which  forms  a  movable  bottom  to  tlie,  other- 
wise, tolerably  rigid  Ixix.  In  inspiration  this  box  is  in- 
crea-sed  in  all  lU  diameters — dorso-vontrally,  laterally,  and 
from  above  down. 

The  Vertical  Enlargement  of  the  Thorax.  This  is 
brongljt  about  by  tint  coiiimctioii  tif  the  dia|)hragm  which 
(Figs.  1  and  llo)  is  a  thin  sheet-like  muscle,  with  a  fibrous 
membrane,  servin*?  as  a  tendon,  in  its  centre.     In  rest,  the 
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diaphragm  is  tl  >iuc-aluipcd,  ita  concavity  being  turned 
towards  tho  nUJumcn.  From  the  tendon  on  the  crowni  of 
the  dome  ptrippd  inusciilar  fihrcH  nidinte*  downwards  and 
outward.*,  Ui  utl  ^^idi's;  and  arc  tixed  by  thrir  inferior  ends 
Uy  the  lower  rihs.  llu!  hrtai^l-liono.  and  tho  vertehral  column. 
In  expirulion  tJie  lowpr  tatoml  portions  of  the  diaphragm 
lie  close ag-ainst  the  chest-walls,  no  lung  intervening  between 
them.     In  io^ijimrion  the  muscular  fibres^  shortening,  flat- 
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Flo   100  — Th*  ftkfleinft  of  the  thomx      n,  p.  rrrt^hral  mliimn;   b.  flrrt  Hb;  e, 
clarirle;  d.  thinlrih;  <.  Rk^noM  timtA. 

ten  the  dome  and  so  enlarge  the  thoracic  cavity  at  the  ex- 
pense of  the  nbdoinitial;  and  at  the  same  time  it«  lateral 
portions  are  pulled  away  from  the  eliost-walls,  leaving  a 
space  into  which  the  lower  end?  of  the  lungs  expand.  The 
contraction  of  the  ilinphragm  tlius  increases  greatly  the  size 
of  the  thorax  ohamI>cr  by  adding  to  its  lowest  and  widwi 
part. 

The  Doreo- Ventral  Enlargement  of  the  Thor&x.  The 
ribs  on  the  whole  jilnpe  Hownwnrd-s  (/,  Fig.  25)*  from  the 
vertebral  column  to  the  breast-bone,  the  slope  being  most 
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marlfod  in  the  lower  ones.     During  inspinition  the  breast- 
bone iind   the  Ht^jrual  ends  of  the  ribs  attached  to  it  are 


Flo.  Ufl.    The  fllaphraicm  wen  fmrn  brlow. 

niised,  and  &q  the  distuuce  l>eiween  the  sternunt  and  the 
vertebral  column  is  increoi^ed.  That  this  must  bo  ao  will 
readily  be  seen  by  examining  the  diagram  Fig.  Ill,  where 
ab  represent*!  the  vertebral  column, 
c  and  d  two  ribs,  and  H  the  ster- 
num. The  coutimioiis  lines  repre- 
sent the  nuturai  positit.in  of  the  ribs 
at  rest  in  expiration,  and  the  dotted 
lines  the  position  in  in.spiration.  It 
is  clear  that  when  their  lower  ends 
are  ruised.  so  lu  to  make  the  bars  lie 
in  a  more  horizontal  plane^  the  ster- 
nnm  is  pushed  away  from  the  spine, 
and  so  the  chest  cavity  is  increased 
dorso- ventrallv.     The   inspiratory 

elevation  of  the  ribs  is  mainly  duo  to    Jh^lS'^JbL^'thr rih^' liS 
the  action  of  the  scalene  and  exier-    '**'^' 

I  intercostal  ivnuvhr.    The  scalene  muscles,  three  on  each 
side,  arise  from,  the  cervical  vertebne  and  are  inserted  into 
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tlift  up])or  ribR.  The  cxternnl  intcrcofftals  (Fi^.  112,  A)}k 
Iwl  ww?M  t Ijo  rilw  and  extend  from  the  vertehnd  column  to  llkf 
ciintnl  itiiriitaguK;  their  lit)reH  glopc  downward^  and  forwaztU. 
Durtng  nti  iiiii|urutiun  tlio  soalencs  contract  and  fix  tbe 
llp|ior  rihii  (Imily;  then  the  extcrnul  iutercostals  eliortM 
«u1  (iiK'h  riiiNi'ii  the  nb  below  it.  The  muscle,  in  f^t, 
ttfndi  to  |Mi)l  titgrthor  the  piiir  of  ribs  between  which  it 
llK»,  but  fu  Iho  npi>or  one  of  these  is  held  tight  by  the 
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Fio.  Ut.— Portlonii  of  four  rib*  of  a  dnc  nlth  tlut  tnuncln  between  them,  a,  a, 
▼ontral  ends  of  cht?  nKn.  Jnlnln^  Ht  c  tlie  nb  cartlUffeft,  b.  wlUch  ore  fixed  to 
c*rUlafftnouapon)'>(iK.  J  ••?  tht^  Kteniuin.  A,  vxterruu  IntercootlU  muaeJe,  gmw- 
li  glK>twt»rtiih*-  ■  ■■-.  w'ttrivili><  Ititfnial  intrrcDsUil,  If,  In  seen.  Bctwoea 

tbeiiiidillrtwii  1  I  iiAl  iiiim-oMtal  muAcle  tuu  been  dlsHected  Awmy,  ao 

U  to  diBpUy  UtL      :  II  i^'li  wa:i  cuvercU  by  it. 


sealenes  and  other  muscles  ubovo,  the  result  is  that  the  lower 
rib  is  pulled  up,  and  not  the  upiKsr  down.  In  this  way  the 
lower  ribs  are  raised  much  wore  than  the  up])er,  for  tlie 
whole  external  intcreostal  muscles  on  one  side  may  be  re- 
garded OS  one  great  muscle  with  many  bellieSj  each  belly 
separated  from  the  next  by  a  tendon,  rej^resented  by  the 
rib.     When  th©  whole  muscular  sheet  is  fixed  above  (Ui4 


MECBAXrSM  OF  ESPlRATIOy. 


363 


contracts,  it  is  clear  tliai  its  lower  end  will  be  raised  more 
than  any  intermediate  point,  since  there  is  n  greater  length 
of  conti*acting  muscle  aUjve  it.  The  elevation  of  the  ribs 
tends  to  diminish  the  verticjil  diameter  of  the  chest;  this  is 
more  than  compensated  for  by  the  simultJineous  descent  of 
the  diaphragm. 

The  Lateral  Enlargement  of  the  Chest  is  mainly  due 
to  the  diaphragm,  which,  wlien  it  contnicts,  addd  to  the 
lowest  and  widest  part  of  the  conical  chest  cavity.  Some 
email  widening  is,  however,  brought  about  by  a  rotation  of 
some  of  the  middle  ribs  which,  as  they  are  raised,  roll  round 
H  little  at  their  vertebral  articulationR  and  twist  their  car- 
tilages. Each  rib  is  curved  and^  if  the  bones  be  exumiued 
in  their  natnral  position  in  a  skeleton,  it  will  be  seen  that 
the  most  cnrved  part  lies  below  the  level  of  a  straight  line 
drawn  from  the  vertebrid  to  the  sternal  attachment  of  the 
bone.  By  the  rotation  of  the  rib,  during  inspiration,  this 
curved  part  is  raised  and  turned  out,  and  the  chest  widened. 
The  mechanism  can  be  understood  by  clamping  the  hands 
opposite  the  lower  end  of  the  sternum  and  a  few  inches  in 
front  of  it,  with  the  elbows  bent  and  pointing  downwards. 
Each  arm  will  then  answer,  in  an  exaggerated  way,  to  a 
curved  rib,  and  the  clasped  hands  to  the  breast-bouc.  If 
the  hands  l)e  simply  raised  a  few  inches  by  movement  at  the 
shoulder- joints  only,  they  will  be  separated  farther  from  the 
front  of  the  Body,  and  rib  elevation  and  the  consequent 
dorao-ventral  enlargement  of  the  cavity  surrounded  will  be 
represented.  But  if,  simultaneously,  the  arms  be  rotated  at 
the  shoulder-joints  so  as  to  raise  the  elbows  and  turn  them 
out  a  little,  it  will  be  seen  that  the  space  surrounded  bjthe 
two  arms  is  considerably  increased  from  side  to  side,  as  the 
chest  cavity  is  in  inspiration  by  the  similar  elevation  of  the 
most  curved  part  or  •*  angle"  of  the  middle  ribs. 

Bxpiration.  To  produce  an  inspiration  requires  con- 
BJderabte  mu.scular  effort.  The  ribs  and  st^rnnm  have  to 
be  raised;  the  ehtsiie  rib  cartilages  bent  and  sornewhat 
twi.sted;  the  abdominal  viscera  pushed  down;  and  the  ab- 
dominal wall  pushed  out  to  make  room  for  them.  In  ex- 
piration, on  the  contrary,  liut  little,  if  any,  mnscular  effort 
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ifi  needed.  As  soou  as  the  muscles  which  have  raised  llio 
ribs  and  sterauin  relax,  those  tend  to  return  to  their  uatnrul 
unconstrained  position,  and  tho  rib  carliluges,  aUo,  to  un- 
twist themselves  and  bring  the  ribs  back  to  their  ]>ositiuu 
of  rest;  tho  elastic  ubdoniinal  wall  presses  the  contained 
viscera  against  the  under  side  of  tho  diaphragm,  and  pushes 
that  up  again  us  soon  as  its  muHCulur  fibres  ceu^o  oontraot- 
ing.  Bj  those  means  the  ehest  cavity  is  restored  to  it« 
original  capacity  and  tho  air  sent  out  of  tho  lungs,  rather 
by  tho  elasticity  of  tho  parts  which  were  stretchod  in  inspir- 
ation, than  by  any  8i)ccial  expiratory  muscles. 

Forced  Bespiration.  When  a  very  deep  breath  is  drawn 
or  exjielk-J.  or  when  there  is  some  impediment  to  the  entn* 
or  exit  of  the  air,  a  great  many  muscles  take  part  in  pro- 
ducing tho  respiratory  movements,  and  expiration  then  be- 
comes, in  part,  an  actively  muscular  act.  The  nmiu  eijiira- 
X.oY\  muscles  are  the  intermil  infercosfals  whii'h  lie  beneath 
tho  external  betwceu  each  pair  of  ribs  (Kig.  112,  /?b  and 
have  an  opposite  dircctii>n,  their  fibres  running  upwards 
and  furwiU'ds.  In  fitn-od  ex]iir;itif>n  the  lower  ribs  arc  fixed 
or  pulled  dowu  by  iniisclos  miming  in  the  abdominal  wjill 
from  the  pelvis  to  them  and  to  the  brea«t-bone.  The  in- 
ternal intercostuls  then  contracting,  pull  down  the  upper 
ribs  and  tlio  sternum,  and  so  diminish  the  thoracic  cavity 
dorso-ventrally.  At  the  same  time,  tiie  contracted  alMiomi- 
nal  muscles  press  tho  walls  of  that  cavity  against  the  viscera 
within  itf  and  pushing  these  up  forciblr  against  the  dia-: 
phragm  make  it  very  convex  towards  the  chest,  and  bo 
diminish  the  latter  in  its  vertical  diameter.  In  very  violent 
expiration  many  other  mnsclea  may  co-operate,  tending  t-o 
fix  points  on  which  those  muscles  which  can  directly  dimin- 
ish the  thoracic  cavity,  pull.  In  violent  inspiration,  also, 
many  extra  muscles  arox-alled  into  play.  The  neck  is  hold 
rigid  to  give  the  sadcnes  a  lirm  attachment;  the  shoulder- 
joint  is  held  fixed  and  muscles  goiug  from  it  to  the  chest- 
wall,  and  commonly  serving  to  innvu  Ihc  arnu  are  then 
used  to  elevate  the  ribs;  the  ht*;id  is  In  id  nrnuui  the  vcrtc- 
bnd  column  by  tho  musulcs  going  iR-tvvcen  the  two,  and 
then  other  museles,  which  pMs.--'  from  the  collar-bono  and 
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sternum  to  the  skull,  are  usod  to  pull  up  the  former.  The 
muficica  which  are  thus  called  luto  play  in  labored  but  not 
in  quiet  breathing  are  called  exfraordtnurt/  muscles  oj  res- 
piraiwn. 

The  Respiratory  Sounds.  The  entry  and  exit  of  air 
are  accom  pan i eti  by  resp iraiory  sounds  or  m u i*in  v. rs, 
which  can  be  heard  on  applying  the  ear  to  the  chest  wall. 
The  character  of  these  sounds  is  different  and  characteristic 
over  the  trachea,  the  larger  bi*onchiul  tubes,  and  portions 
of  lung  from  which  large  bronchial  tubes  are  absent.  They 
are  variously  uioditied  in  jjulmouary  affections  and  hence 
the  value  of  auscuUatiou  of  the  lungs  in  as&isting  the  phj- 
sician  to  form  a  aiagnosis. 

The  Capacity  of  the  Lungs.  Since  the  chest  cavity 
never  even  approximately  collap*?es,  the  lungs  are  never 
completely  emptied  of  air:  the  space  they  have  to  occupy 
is  larger  in  inspiration  than  during  expiration  but  is  always 
considerable,  so  that  after  a  forced  expiration  they  still  con- 
tain a  largjC  amount  of  air  which  can  only  be  exi)elled  from 
them  by  opening  the  pleural  cavities;  then  they  entirelv 
collapse,  just  as  the  bug  in  Fig,  107  would  if  the  bottle  in- 
closing it  were  broken.  The  capacity  of  the  chest,  and 
thereforeof  the  lungs,  varieo  much  in  different  individuals, 
but  in  a  man  of  medium  height  there  rcmmns  in  the  htnga 
after  the  most  violent  possible  expiration,  about  1640  cub. 
cent.  (UK)  cub.  mches)  of  air,  called  the  residual  tnr. 
After  an  ordinary  expiration  there  will  be  in  addition  to 
this  about  as  much  more  supplemeufal  mr;  the  residual  and 
supplemental  together  forming  the  statiutiary  aifj  which 
remains  in  the  cliost  during  quiet  breathing.  In  an  ordi- 
nary inspiration  .)0D  cub,  cent,  (^0  cub.  inches)  of  tidal  air 
are  takeu  in.  and  about  the  same  amount  is  expelled  in  nat- 
ural expiration.  By  a  forced  inspiration  about  I'lOO  cub. 
cent.  (98  cub.  inches)  of  complementol  air  can  be  added  to 
the  tidal  air.  After  a  forced  inspiration  therefore  the  chest 
will  contain  1640  +  1640  -|-  500  -f  1600  =  5380  cubic  centi- 
meters (328  cubic  inches)  of  air.  The  amount  which  can 
be  taken  in  by  the  most  violent  |)ossible  inspiration  after 
the  strongest  possible  expiration,  that  is,  the  supplemental. 


366 


TBE  ffrJfJJT  BODT. 


tidftl  and  oomplemesitaJ  air  tofechcr,  is  kBowjx  as  th«  vtial 
capacity •  For  a  bealtliT  nukxi  l.T  mec^r^  (5  f«et  S  inches) 
high  1 1  IS  aboot  3700  cabc  ceo L  ( ti5  cub.  tncbes ) 
and  incre:ise8  60  cub^  cent,  for  emch  addioooal  centimr 
ter  of  £taiare;  or  about  9  cnbie  mefaes  for  each  ineb  of 
height. 

The  Qaantity  of  Air  Breathed  Daily.  Knowing  the 
r|uantity  of  air  ukeu  m  ai  each  bremth  umI  expelled  again 
(after  more  or  les$  ihocoogfa  mixtmre  with  the  etationaTT 
tur)  we  hare  onlj  to  knov,  m  addition,  the  rate  at  vhich  the 
breathing  moremenis  occttrr  to  be  able  to  calcaUte  hov 
much  tur  passe;  ihrongh  the  longs  in  twenty-four  hours. 
The  average  number  of  nespiratinni  in  a  minute  is  found 
br  counting  on  persons  sitting  quietlv.  and  not  knoving 
that  their  breathing  rate  is  nnder  obderratton,  to  be  fifteen 
in  a  minute.  lu  each  of  the$e  half  a  liter  (30  cubic  inches) 
of  air  IS  coucemed:  therefore  0.5  x  15  X  60  x  24  =  10.800 
liters  (3T4  cubic  feel)  is  the  qoantttv  of  air  breathed  under 
ordmary  nrcum?tances  by  each  person  m  a  day. 

Hyslenio  Bemarks.  Since  the  diaphrugm  vben  it  oon* 
tracts  pushes  down  the  abdominal  viscera  beneath  it,  these 
have  to  make  room  for  thenselres  by  pushing  out  the  soft 
front  of  the  abdomen  which,  accordinglv,  protmdes  when 
the  diaphragm  descends.  Hence  breathing  by  the  di»-  * 
phragm.  being  indicated  on  the  exterior  by  movements  of 
the  abdomen,  is  often  called  "abdominal  respiration,"  a« 
distinguished  from  breathing  by  the  ribs,  called  "costal" 
or  "chest  breathing.'*  In  both  sexes  the  diaphragmatic 
breathing  is  the  most  important,  but,  as  a  rule,  men  and 
children  use  the  ribs  less  than  adult  women.  Since  both 
abdomen  and  chest  alternately  expand  and  contract  in 
healthy  breathing  anything  which  impedes  their  free  movc- 
mcDt  is  to  be  avoided:  and  the  tight  lacing  which  ased  to 
bo  ihongiit  elegnnt  a  few  ye;irs  back,  aiid  is  still  indulged 
in  by  some  who  think  a  distorte*!  form  beantiful.  seriously 
impedes  ono  of  the  most  important  functions  of  the  Body, 
leading,  if  nothing  worse,  to  shortness  of  bn^ath  and  an  in- 
capacity for  muscular  exertion.  In  extreme  coses  of  tight 
lacing  some  organs  are  often  directly  injured,  weals  of 
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fibrous  tissue  being,  for  example,  nut  unfrequenily  found 
developed  on  the  liver,  from  the  pressure  of  the  lower  ribs 
forced  against  it  by  a  tight  corset. 

The  Aspiration  of  the  Thorax.  As  Hli*oady  jiointed  out, 
in  eoniif*iuoriLi.'  of  the  rigid  fmnu'Work  which  supports  its 
walls,  the  external  air  cannot  press  directly  upon  the  cou- 
leuts  of  the  thoracic  cavity.  It  still,  however.  presHca  on 
them  indirectly,  througli  the  lungs.  Acting  on  the  interior 
of  these  with  a  pressure  e(iual  to  that  exerted  on  the  same 
area  by  a  column  of  mercury  760  mm.  (30  inches)  high,  it 
distends  them,  and  pushes  them  against  the  inside  of  the 
chest-walls,  the  heart,  the  great  thoracic  blood-vessels,  the 
thoracic  duct,  and  the  other  contents  of  the  cavity.  The 
pressure  thus  exerted  is  not  e<|ual  to  that  of  the  external 
air,  since  Kome  of  the  total  air-pressure  on  the  inside  of  the 
lungs  is  used  up  lu  overcoming  their  elasticity,  and  it  is  only 
the  residu,-'  wlut'h  pushes  lliem  against  the  tilings  outside 
them.  In  expiratimi  this  residue  is  about  cf^ual  to  that  ex- 
erted by  a  cohimn  of  mercury  754  ram.  (\  inch  less  than  be- 
fore) high.  On  moat  parts  of  the  Body  the  atmosplieric 
pressure  can.  however,  act  with  full  force.  Pressing  on  a 
limb  it  pushes  the  skin  against  the  soft  parts  beneath,  and 
these  against  the  blood  and  lymph  vessels  among  them; 
and  the  yielding  abdominal  walls  do  not,  like  the  rigid 
thoracic  walls,  carry  the  atuios}»heric  pressure  themselves 
but  transmit  it  to  the  couteuts  of  the  cavity.  It  thus 
comes  to  pass  that  the  blood  and  lymph  in  most  parts  of 
the  Body  are  under  a  higher  atmospheric  pressure  than  in 
the  chest,  and  eonscijucntly  these  liquids  tend  to  flow  into 
the  thorax,  until  the  extra  distension  of  the  vessels  in  which 
they  there  accumulate  compensates  for  the  less  external 
pressure  to  which  those  vessels  are  exposed.  An  equili- 
brium would  thus  very  soon  be  brought  alwjut  were  it  not 
for  the  respiratory  movements,  in  consequence  of  which  tlie 
intra-thorucic  pressure  is  alternately  increased  and  dimin- 
ished, and  the  thorax  comes  to  act  as  a  sort  nf  suction-pump 
on  the  contents  of  the  vessels  of  the  Bodv  outside  it; 
thus  the  rcspinitory  movements  come  to  influence  the  cir- 
culation of  the  blood  and  the  flow  of  the  lymph. 
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of  the  BMinimtoffT  MoromeaU  upon  tike 
i^apfKMe  Um  clictt  ia  a  ccnulidan  of  Bafcnral 
expintioa  and  tbe  estemal  ptonfe  on  tfa»  blood  in  ibe 
blood-Tcvd*  wiihin  it,  and  in  the  heart,  to  have  comc^  ta 
tW  nun&cr  pointed  oat  in  tb«  Imk  paragraph,  into  eqaOi* 
briim  vith  the  atUMpherie  preamre  on  the  blood-Tcaa^  of 
the  neck  and  abdomfn,  Jf  an  inspiration  now  ocean,  tbe 
cheat  catitf  being  cnkr^ged  the  prcasnre  on  all  of  its  oon- 
teota  will  be  diimiihed.  In  coufietjuence,  air  enters  the 
Inn^  from  the  windpijie,  and  blood  euten  the  venae  cav» 
and  the  right  auricle  of  the  heart.  Not  only  the  Inn^ 
then,  bat  the  right  side  of  tlie  heart,  and  the  intra-thoracic 
portions  of  the  EVBtemic  veins  leading  to  it,  are  expanded 
dunng  HI]  inF}»iratioii;  but  the  Inngsi  lieing  much  the  tnoet 
difltenniblc  uke  far  the  greutest  part  in  filling  up  the  in- 
creaaed  ipace.  The  left  i^idc  of  the  heart  \&  not  much  in- 
flaenced  as  it  in  filled  from  the  pulmonarr  vein?:  and  the 
whole  vceaeU  of  the  lcA6cr  circulation  lying  within  the 
cheat,  and  being  all  affected  in  the  same  war  at  the  same 
time,  the  blood-fiow  in  them  is  not  influenced  by  the  aspi- 
ration of  the  thorax.  DistenBion  of  the  lungs  seems,  how- 
ever, to  diminish  the  capacity  of  their  vessels,  and  so  to  a 
certain  extent  tlie  flow  U  influence<l;  as  the  lungs  expand 
blood  is  forced  out  of  their  tci&^Is  into  the  left  auricle^  and 
when  they  again  contract  their  vessels  fill  up  from  the  right 
ventricle.  The  pressure  on  the  tlioracic  aorta  being  dimin- 
isheil  in  inspiration,  blood  tends  to  flow  l>ack  into  it  from 
the  abdominal  portion  of  the  vessel,  but  cannot  enter  the 
heart  on  account  of  the  semilunar  valves;  and  the  hack-flow 
does  not  in  any  case  equal  the  onflow  due  to  the  l)eat  of  the 
heart:  so  what  happens  in  the  aorta  is  bnt  a  sH^^ht 
glowing  of  the  current.  The  genond  result  of  all  this  is 
that  the  circulation  is  considerably  assistt*d.  When  the 
next  expiration  occurs,  and  the  pressure  in  the  thoi-ax  again 
rises,  air  and  blood  bolli  tend  to  bo  ex{»elled  from  the  cavity. 
The  aorta  thus  regains  what  it  lost  during  inspiration;  the 
pressure  on  it  is  increased  and  it  empties  itself  faster  into 
its  abdominal  portion.      The  semilunar  valves  having  i)re- 
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venti'd  any  regurgitation  into  the  heart,  there  is  neither 
gain  noT  loss  so  far  as  it  is  concerned.  With  the  syst'emio 
intrathoracic;  veins  however,  this  is  not  the  case;  the  extra 
blood  entering  them  has  aln-udy  in  great  part  gone  on  be- 
vond  tlie  tncuspid  valve,  and  uannot  How  back  during  ex- 
piration: and  the  pressure  in  the  aiirick>  biding  constantlv 
kept  low  V>y  its  emptying  into  the  veniriclc,  the  increased 
prestiure  on  the  vena*  oavtie  tend8  as  niuch  to  fiend  the  blood 
on  into  the  heart,  aa  back  into  the  extra-thoracic  veinH. 
Moreover,  wliutever  blood  tends  to  take  the  latter  course 
cannot  do  it  effectually  since,  although  the  ven*  cava 
them.sclvos  contain  no  valves,  the  more  distant  veins  which 
open  into  them  do.  Consequently,  whatever  extra  blnod 
baa,  to  nse  the  common  phrase,  been  **  sucked"  into  the 
intra-thorjicic  venap  cavfe  in  inspiration  and  has  not  been 
sent  already  on  into  the  right  ventricle  before  expiration 
occurs.  18,  on  account  of  the  venous  valves,  imprisoned  in 
the  cav*  under  an  increased  pressure  during  expiration; 
and  thisUmdn  to  make  it  How  faster  into  the  auricledunng 
the  diastole  of  tlie  latter.  How  much  the  alternating  res- 
piratory  movements  assist  the  venous  flow  is  shown  by  the 
dilation  of  the  veins  of  the  head  and  neck  which  occurs 
when  a  person  is  holding  his  breath;  and  the  bhickness  for 
the  face,  from  distension  of  the  veins  and  stagnatinti  of  the 
capillary  flow,  which  occurs  duringa  prolonged  tit  of  cough- 
ing, which  is  a  series  of  expiratory  efforts  without  any  in- 
spirations. 

In  still  another  way  the  aspiration  of  the  thorax  assists 
the  heart.  The  heart  and  lungs  arc  both  extensible,  though 
in  different  degrees,  and  eju?h  is  stretched  in  the  chest 
somewhat  beyond  it,s  natunil  size;  the  one  by  the  atmos- 
pheric pressure  directly,  the  other  by  that  pressure  in- 
directly exerted  through  the  blood  expttsed  to  it  in  the 
extra-thoracic  veins.  Supposing,  therefore,  the  heart  sud- 
denly to  shrink  it  would  leave  more  spiu^e  in  the  chest  to  be 
tilled  by  the  luii;;s.  nrid  (hese,  accordingly,  at  each  cardiac 
!*ytjlolo  expand  a  little  to  till  the  extra  room,  just  as  they  do 
when  the  space  around  them  is  otherwise  enlarged  during 
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an  inspinititm.  The  eUslicitT  of  the  Inngs,  however, 
causes  them  10  resist  this  d intension  and  oppo^  the  cardh 
sjBtole.  The  matter  may  be  made  dear  by  an  arrungement 
like  that  in  Fig.  113.  A  U  an  air-tight  vessel  with  a  tube, 
f,  provided  with  a  stop-cock,  leading  from  it;  ^  is  a  highly 
distensible  eUstic  bag  in  free  communication  through  d 
with  the  exterior;  and  c,  repreaentiiig 
the  hearty  is  a  Ies6  extensible  sac,  from 
which  a  tube  leads  and  dips  under 
water  in  the  vessel  B,  If  air  be 
pnm{>ed  out  through  e  both  bags  wiU 
dilate,  b  filling  with  air,  and  c  with 
water  driven  up  by  atmospheric  pres- 
sure. Ultimately,  if  sufficiently  ex- 
tensible, they  would  fill  the  whole 
6pace.  the  thinner  walled,  A,  occupy- 
ing most  of  it.  If  then  the  stop-cock 
W  clo^ed,  things  will  remain  in  equi- 
librium^ each  bag  striving  to  collapse 
and  80  exerting  a  pull  on  the  other, 
for  if  b  shrinks  r  must  expand  and  via 
vertta.  If  c  suddenly  shrink,  as  the 
heart  does  in  it>  systole,  b  will  dilate;  hut  as  soon  as  the 
systole  of  c  ceaae^,  b  will  shrink  again  and  pull  c;  out  to 
iti>  previous  size.  In  the  same  way,  after  the  cardiac  sjft- 
tole,  when  the  heart-walls  relax,  the  lungs  pull  them  out 
again  and  dilate  the  organ.  The  contracting  heart  thni 
ex]iends  soino  of  its  work  in  overcoming  the  elasticity  of  the 
lungs,  which  opposes  their  expansion  to  fill  the  space  left 
by  the  smaller  heart;  but  during  the  diastole  of  the  heart 
this  work  is  utilized  to  pull  out  its  walls  again,  and  draw 
blood  into  it.  Since  the  normal  heart  has  musctiiar  power, 
and  to  spare,  for  its  systole,  this  arraugement.  by  which 
some  of  the  work  then  spent  is  stored  away  to  assist  the 
diastole,  which  cannot  be  directly  performed  by  cardiac 
muscles,  is  of  service  to  it  on  the  whole.  It  is  a  phv?io- 
logical  though  not  u  met^hanical  advantage:  no  work  power 
ia  gained,  but  what  there  is,  is  better  distributed. 
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I  Influence   of  the   Respiration  on   the  Lymph  -  Flow. 

Daring'  iiispiraiioii,  whun  intni-lhoracit"  jneK-iuro  is  lowered. 
lymph  JH  presiied  into  the  thoracic  duct  from  the  atniominal 
'  lymphatics.     In   expiration,   when   thoracic  pres.sure  rises 

again,  the  extrn  lymph  cannot  flow  hack  on  account  of  the 
valves  in  the  lymphatic  vessi'ls,  and  it  is  consequently 
driven  on  to  the  cervical  ending  of  the  th<iracic  duct.  The 
breathing  movemeutH  thug  pump  the  lymph  on« 
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CHAPTER    XXV. 

TIfK  f.lfEMISTKY  OF   RESPIRATIOS: 


cfthm  TnMmtm  The  itadj  of  die 
U0rf  Y^0^sim  itfm%.  %  cfaMnical  :;candpi>inc  ii»  for  its  objeeft 
%09  4fii^/T«r,  fim,  viua  are,  in  kind  and  exteiU*  tlw  ialEr* 
dbmfM  l»tv«ini  tfut  air  in  the  Imig?  and  the  blood  m  As 
ydtmrnmrj  tx^fSIAarm;  and,  in  the  Kccad  piaee,  the 
M^  am^mnt  td  the  ornreepfrnding  ga^eooj  changes 
tkm  tMntran  Hving^  tburui^  and  the  bli>jd  In  the  sy 
^pniari^.  Thfrwr  prtff:^^^:^  arc  the  reverse  of  one  another 
and  in  thf;  lon^  ruri  (jalanct-.  the  blood  losing  as  mnch  cnr- 
U/n  dioxide  ga>t  in  the  pulmonary  circulation  as  it  gains  in 
tb^  ityHthtnUtf  and  gaining  as  much  oxvgen  in  the  former 
ctff  it  kfM^  in  the  latter.  To  thoroughly  comprehend  the 
matter  it  in,  moreover,  neoesiuiry  to  know  the  phvsical  and 
<;hemif;al  r^vinditionji  of  these  gaites  in  the  lungs,  in  the 
Mrxjrl,  and  in  the  tissues  generally;  for  onlr  so  can  vc 
iindenitand  how  it  la  that  in  different  localities  of  the  Body 
such  exm.'tly  contrary  proeenaes  occur.  So  far  as  the  prob- 
lemN  (jfinnected  with  the  external  respiration  are  concerned 
our  knowledge  ih  tolerably  complete;  but  as  regards  the 
iiitertml  rcHpiration,  taking  pliu-e  all  through  the  Body, 
mnch  bus  yet  to  l>c  learnt;  for  example,  we  know  that  a 
muM^rlo  at  work  gives  more  carbon  dioxide  to  the  blood  than 
one  at  rest  and  Uikcs  more  oxygen  from  it,  but  exactly  how 
much  of  the  one  it  glve:j  and  of  the  other  it  takes  is  only 
known  approximately;  as  are  also  the  conditions  under 
which  this  greater  interchange  during  the  activity  of  the 
muwMilar  tiKHue  in  ciTected:  and  concerning  nearly  all  the 
oUier  tiNHueri  wo  know  even  Ichs  than  about  muscle.  Infact, 
Si  regards  the  Body  as  a  whole,  it  is  comparatively  easy  to 
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find  how  great  its  gaj^eons  interchangcB  with  the  air  are 
during  work  and  rest,  waking  and  sleeping,  while  fasting 
or  digesting,  and  so  on;  but  when  it  comes  to  bo  decided 
what  organs  are  concerned  in  each  case  in  producing  the 
greater  or  less  exchange,  and  how  much  of  the  whole  is  due 
to  each  of  them,  the  question  ii*  one  far  more  difficult  to 
settle  und  atill  very  far  from  completely  answered. 

The  Changes  produced  in  Air  by  being  once  Breathed. 
These  iire  fourfold — change*  in  its  temperature,  in  \i& 
moisture,  in  its  chemical  corapcwition,  and  its  volume. 

The  air  taken  into  the  lungs  is  nearly  always  cooler  than 
that  expired,  which  luts  a  temperature  of  about  36*  C. 
(97°  F. ).  The  temperature  *tf  a  room  is  usually  about  SI*'  C. 
(70^  F. ).  The  warmer  the  inspired  air  the  less,  of  course^  the 
heul  which  is  lust  to  the  Body  in  the  breathing  process;  its 
average  amount  is  calculated  as  about  equal  to?.?  calories 
in  twenty-four  hours:  a  calorie  (see  Physics)  being  as  much 
heat  as  will  raise  the  temperature  of  one  kilogram  (2,2  lbs) 
of  water  one  degree  centigrade  (1.8°  F.). 

The  inspired  air  always  contains  more  or  less  water  vapor, 
but  is  rarely  saturated;  that  is,  rarely  contaius  so  much  hut 
it  can  take  up  more  without  showing  it  &£  mist;  the  warmer 
air  is,  the  more  Vator  vapor  it  requires  to  saturate  it.  The 
expired  air  ia  nearly  saturated  for  the  temperature  at  which 
it  leaves  the  Body,  as  is  rca<lily  shown  by  the  water  deposited 
when  it  is  slightly  cooled,  as  when  a  mirror  is  breathed 
uix>n;  or  by  the  clouds  seen  issuing  from  the  nostrils  on  a 
frosty  day,  these  being  due  to  the  fiu*t  that  the  air,  as  soon 
as  it  is  cooled,  cannot  hold  all  the  water  vapor  which  it  took 
up  when  wiirmed  in  the  Body.  Air,  therefore. when  breathed 
once,  gains  water  vapor  and  carries  it  off  from  the  lungs; 
the  actual  amouut  being  subject  to  variation  with  the  tem- 
perature and  riaturation  of  the  inspired  air:  the  cooler  and 
drier  this  is,  the  more  water  will  it  gain  when  breathed. 
On  an  average  the  amount  thus  carrie<l  off  in  twenty-four 
hours  is  about  255  grams  (9  ounces).  To  evaporate  this 
water  in  the  lungs  an  amount  of  heat  is  required,  which 
disappears  for  this  purpose  in  the  Body,  to  appear  again 
uuU^ide  it  when  the  water  vapor  condenses  (see  Physics). 
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Tho  tiiiumiit  of  hoat  tuken  uff  in  this  way  during  the  dmj  u 
iilHiut  7.*^  culorioH.  Tlie  total  daily  loss  of  heat  from  the 
lioilv  lliroii^lt  tlio  lungH  is  thercfora  10.7  calories,  3.5  in 
wiii'iiiin^  tlto  inspired  air  and  7.2  in  evaporating  water. 

Tilt'  nioKl  iinportunt  changeri  brought  about  in  the 
broiilhiMl  air  iiiv  tlioso  in  its  clicmie4il  oomposition.  Pure 
iiir  wIm'Ii  rtiniplctoly  ilriod  cMinnist  in  100  parts  of — 

By  Volume.        Bj  WHffhK. 

(>VVK''» 20.8  28 

NMlroKcii 79.2  77 

(h'ftihiiry  atinoKpht>rio  air  containti  in  addition  4  volamen 
ori'iirlMin  tlioMiU'  in  lo.oo()«  or  0.04  in  100.  aquantity  which, 
for  priirlical  purposes,  may  he  m*gh*cted.  When  breathed 
onrr,  nim'Ii  air  piius  rather  more  than  4  volumes  in  100  of 
f-arhim  ilinxith-,  ami  loses  rather  more  than  5  of  oxygen. 
More  aeeinuleU ,  loo  Viihiiues  of  expired  air  when  dried  cou- 

riint  of 

0\)Krh 15.4 

Nllriii^cii   79.2 

riirlMiii  tlioxidr 4.8 

'Hie  expired  air  also  eontaiiis  volatile  oi'gunic  substances 
in  (juatilities  loti  luinule  for  eheniieal  analysis,  but  readily 
(leleeteil  hv  tilt*  iiose  upon  (Nunin^  into  a  close  room  in 
wliieh  a  nuniherof  persons  have  heen  eoUected. 

Sinee  10.H(M>  liters  (:U*i  <'ul>ie  fi'et )  of  air  are  breathed  in 
twenty-four  liours  and  lose  rt.4  per  ceui  of  oxygen,  the 
total  i|Uantityof  this  «ras  taken  up  in  the  lungs  daily  is 
10,S0(»  X  r».4-H  100  =:tH;j.-^  liters  (;^(t.4  euhio  feet).  One 
hterof  <*.\yp«n  measure*!  at  <»"('  [}Vr  F.)  and  under  a  pressure 
ecpial  to  one  atmosphere,  weighs  1.4:5  j^rams  (sec  Chemistry), 
HO  the  toial  weight  of  oxygen  taken  \\y>  hy  tlie  lungs  daily  is 
5S:j.2  X  1.4;J  =  83;J.0gramrt.  Or,  using  inches  andgrainsas 
standards,  44.5  cubic  incliea  of  oxygen  at  the  above  tem- 
IKirature  and  pressure  weigh  alnntst  exactly  10  grains,  so 
the  20.4  cubic  feet  absorbed  in  the  lungs  daily  weigh  20.4 
X  17-28  + 44.5  Xl«  =  12,818  grains. 

The  amount  of  carbon  dioxide  excreted  from  the  lungs 
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being  4.3  per  cent  of  the  volame  of  the  air  breathod 
daily,  is— 10,800  x  4.3  +  100  =  404.4  liters  (I(J.'25  cubic 
feet)  measured  at  the  normal  tcm{)eruturc  and  pressure. 
This  volume  weighs  910  grams,  or  14,105  grains. 

If  tlio  eipirod  air  he  measured  as  it  leaves  rlie  Body  iU 
bulk  will  be  found  greater  than  Ihat  of  the  inspired  air, 
since  it  not  only  has  water  vapor  added  to  it,  but  is 
expanded  in  conse<iuence  of  its  higher  temperature.  If. 
however,  it  be  dried  and  reduced  to  the  same  temperature 
as  the  inspired  air  its  volume  will  be  found  diminished, 
since  it  has  lost  5.4  volumes  per  cent  of  oxygen  and 
gained  only  4.3  of  carbon  dioxide.  In  round  numbers,  100 
volumes  of  dry  inspired  air  at  zero,  give  99  volumes  of  dry 
expired  air  measured  at  the  same  temperature  and  pres- 
sure. 

Ventilation.  Since  at  every  breath  some  oxygen  is  taken 
from  the  air  and  some  carbon  dioxide  given  to  it,  were  the 
atmosphere  around  a  living  man  not  renewed  he  would,  at 
last,  be  unable  to  get  from  the  air  the  oxygen  he  required; 
he  would  die  of  oxygen  starvation  or  bo  suffocated,  as  such  a 
mode  of  death  is  chilled.,  as  surely,  though  not  ({uite  so  fast. 
as  if  he  were  put  under  the  receiver  of  an  air-pump  and  all 
the  air  around  him  remfived.  Hence  the  nei'essityof  ven- 
tilation to  supply  fresh  air  in  place  of  that  breathed,  and 
clearly  the  amount  of  fresh  air  requisite  must  be  deter- 
mined by  the  number  of  persons  collected  in  a  room;  the 
supply  which  wonld  be  ample  for  one  person  would  be  in- 
sufficient for  two.  Moreover  fires,  gas,  and  lamps,  all  use 
up  the  oxygen  of  the  air  and  give  carbon  dioxide  to  it.  and 
hence  calculation  must  be  made  for  them  in  arranging  for 
the  ventilation  of  a  building  in  which  they  are  to  be  em- 
ployed. 

In  order  that  air  be  nnwholesomc  to  breathe,  it  is  by 
no  means  necessary  that  it  have  lost  so  much  of  it.^  oxygen 
as  to  make  it  difficult  for  the  Body  to  get  wliat  it  wants  of 
that  gas.  The  evil  resnlts  of  insufficient  air-supply  are 
rarely,  if  ever,  due  to  that  cause  even  in  the  worst  ventilated 
room  for,  as  we  shall  see  hereafter  (p.  384).  the  blocd  can 
take  what  oxygen  it  wants  from  nir  contnirting  onmpnra- 
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tiroly  little  of  that  gas.     Pho  hcadocho  and   drowsiness 
which  come  on  from  sitting  in  a  badly  ventilated  room,  and 
the  want  of  encr^^-and  general  iil-liealtli  which  result  from 
permanently  living  in  such,  are  dependent  on  u  slow  poison- 
ing of  the  Boily  by  Iho  reubsorption  of  the  things  elimi- 
nated from  the  lang3  in  previous  rcspirutiond.     What  these 
are  is  not  accurately  known;  they  doubtless  belong  to  those 
YolatUe  bodies  mentioned  ubove,  as  carried  off  in  minute 
quantities  in  each  breath;  since  observation  sliows  thai  the 
air  becomes  injurious  long  before  the  amount  of  carbon 
dioxide  in  it  is  ttuHicient  to  do  any  harm.     Breathing  air 
containing   one   or   two   per   cent   of   that   gas   produced 
by  ordinary  chemical  methods  does  no  particular  injury, 
but  breathing  air  containing  one  per  cent  of  it  produced 
by  respiration  is  decidedly  injurious,  because  of  the  other 
things  sent  out  of  the  lungs  at  the  same  time.      Carbon 
dioxide  itself,  at  least  in  any  such  percentage  as  is  com- 
monly fouud  in  a  room,  is  not  poisonous,  as  uKcd  to  be 
believed,  but,  since  it  is  tolerably  easily  estimated  in  air, 
while  the  actually  injurious  substances  evolved  in  breath- 
ing arc  not,  the  purity  or  foulness  of  the  air  in  a  room  is 
usually  determined  by  finding  the  percentage  of  carbon 
dioxide  in  it:  it  must  be  borne  in  mind  that  to  mean  much 
this  carbon  dioxide  must  have  l)een  produced  by  breathing; 
the  amount  of  it  fouud  is  in  itself  no  guide  to  the  quantity 
of    really    imiwrtunt  injurious    substances    present      Of 
course  when  a  great  deal  of  carbon  dioxide  is  j)resent  the 
air  is  irrespiruble:  tis  for  cxaimple  sometimes  at  the  bottom 
of  wells  or  brewing-^ats. 

lu  one  minute  (p.  360)  .5  X  15  =  7.5  liters  (0.254  cubic 
feet)  of  air  arc  breathed  and  this  is  (p.  374)  vitiated  witli 
carbon  dioxide  to  the  extent  of  rather  more  th:m  four  jhm' 
cent;  mixed  with  three  times  its  volume  of  external  air, 
it  would  give  thirty  liters  (a  little  over  one  cubic  foot) 
Titiated  to  the  extent  of  one  \\ev  cent,  «nd  such  air  is  no 
lon;rer  re^jpinible  for  any  length  of  time  with  safely.  The 
result  of  bi-eathing  it  for  an  evening  is  headache  and  gen- 
eral malaise;  of  breathing  it  for  weeks  or  mouths  a  lowered 
tone  of  the  whole  Body — less  power  of  work,  physical  or 
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mental,  and  leas  power  of  resisting  discn«c;  the  ill  efToclH 
may  not.  show  iheni.selvc'8  at  ohoo,  and  may  uccnrdinglv  l»e 
overlooked,  or  considered  scieiitidc  fancies,  1>y  liiec^irelesa; 
but  they  are  there  ready  to  manifest  theaic»olvea  ueverthc- 
lo58.  In  order  to  have  ntr  to  breathe  in  a  fairly  jmro 
state  every  man  should  liuve  for  his  own  ullo-waiiee  at  least 
23.000  liters  of  space  to  begin  with  (about  800  cubic  foot) 
and  the  arrangomonis  for  ventilation  should,  at  the  very 
least,  renew  this  at  the  rate  of  30  literu  (one  cubic  foot) 
per  minute.  The  nose  is,  however,  the  best  guide,  and  it 
la  found  that  at  least  five  times  this  sujiply  of  frt-sh  air  is 
necessary  to  keep  free  from  any  odor  the  room  inhabited  by 
one  adult.  In  the  more  recently  constructed  hospitals,  as 
a  result  of  experience,  twice  the  above  minimum  cubic  space 
Id  allowed  for  each  bed  in  a  ward,  and  the  i-oplacement  of 
the  old  air  at  a  fur  more  rapid  rate  is  also  provided  for. 

Ventilation  docs  not  necessarily  mean  draughts  of  cold 
air.  a«  is  t-oo  often  supposed.  In  warmini^  by  indirect  radia- 
tion it  nuiy  readily  be  secured  by  fixing,  in  mldition  to  the 
registers  from  which  the  T»ew  warmed  air  reaches  the  room, 
corresponding  openings  at  the  opposite  fiide,  by  which  the  old 
air  may  |>as8  off  to  make  room  for  the  fresh.  An  open  lire 
in  a  room  will  always  keep  up  a  current  of  air  through  it, 
and  is  one  of  the  hoaltliiest,  though  not  the  most  economi- 
cal, methods  of  warming  an  apartment. 

Stoves  m  a  room,  unless  constantly  supplied  with  fresh  air 
from  without,  dry  its  air  to  an  unwholesome  extent.  If  no 
appliance  for  providing  this  supply  exists  in  a  room,  it  can 
usually  bo  got.  without  a  draught,  by  fixing  a  biiard  about 
four  inches  wide  under  the  lower  sash  and  shutting  the 
window  down  on  it.  Fresh  air  then  comes  in  by  the  0|>en- 
ing  between  the  two  sashc?  and  in  a  current  directed 
upwards,  which  gradually  diffuses  itself  orer  the  room  with- 
out being  felt  its  a  draught  at  any  one  point.  In  the 
method  of  heatmg  by  direct  radiation,  the  apparatus  em- 
ployed provides  ot  itself  no  means  of  drawing  fresh  air  into 
a  room,  as  the  draught  up  tlie  chimney  of  an  open  fireplace 
or  of  a  stove  does:  and  therefore  six*cial  inlet  and  outlet 
upuuings  are  very  neeeasarj^.     Since  few  doors  and  windows, 
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fortunately,  fit  quite  tight,  fresh  air  gets  even  into  cIosmJ 
rooms,  in  tolerable  abiuulance  for  ono  or  two  inhabitants. 
if  there  be  outlets  for  the  air  already  in  them. 

Changes  undergone  by  the  Blood  in  the  Lungs.  Those 
are  the  exact  reverse  of  those  exhibited  by  the  breathed  air 
— what  the  air  gaius*  the  blood  loses,  and  vice  revAa.  Con- 
sequently, the  blood  loses  heat,  and  water,  and  cnrbon 
dioxide  m  the  pulmonary  capillaries;  and  gains  oxygen. 
These  gains  and  losses  are  accompanied  by  a  change  of  color 
from  the  dark  purple  which  the  blood  eihihiig  in  the  pwl- 
monup}'  arter),  to  the  bright  scarlet  it  jiossetises  in  the  pul- 
monury  reins. 

The  dependence  of  this  color  chance  upon  the  access  of 
fresh  air  to  the  lungs  wliile  the  blood  is  fluwing  through  them, 
can  bo  readily  doniDnst rated.  If  a  rubljit  be  rendered 
unconscious  by  chloroform,  and  its  chest  be  opened,  after  a 
pair  of  bellows  has  been  connected  with  its  windpipe,  it  is 
seen  that,  Sf>  long  as  the  bellows  are  worked  to  keep  up 
artificial  rcspiraUon,  the  blood  in  the  right  sideof  the  heart 
(as  seen  tlirough  the  thin  auricle)  and  that  in  the  pulmo- 
nary artery,  is  dark  colored,  while  that  in  the  pulmonary 
veins  and  the  left  auricle  is  bright  red.  Lor,  however,  the 
artificial  ro5p)ration  be  stopped  for  a  few  seconds  and, 
consequently,  the  renewal  of  the  air  in  the  lungs  (since  an 
animal  cannot  breathe  for  it>self  when  its  chest  is  opened), 
and  very  soon  the  blood  returns  to  the  left  auricle  as  dark 
as  it  left  tiio  right.  In  a  very  short  time  symjitoras  of 
suffocation  show  themselves  and  the  animal  dies,  uulcss 
the  bellows  be  nj^ain  set  at  work. 

The  Blood  Gases.  If  fresh  blood  be  rapidly  exposed  to 
as  complete  a  vairuum  as  c^n  be  obtained  it  gives  otf  certain 
gases,  known  as  the  gase»  of  the  blood.  These  are  the  same 
in  kind,  but  differ  in  proportion,  in  ronous  and'arterial 
blood;  there  being  more  carbon  dioxide  and  less  oxvgen 
obtainable  from  the  venous  blood  going  to  the  lungs  by  the 
pulmonary  artery,  than  from  the  ai'terial  blood  coming  back 
to  the  heart  by  the  pulmonary  veins.  The  gases  given  off 
by  venous  and  arterial  l>lood,  measured  under  the  normal 
pressure  and  at  the  normal  temperature  (see  Fhyaics), 
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amount  to  alx)at  72  volunms  for  every  100  volumcB  uf  blood, 
and  in  the  two  casos  arc  as  follows — 

Venous  Bluod.    Art«rUI  Blood. 

Oxygen. 10  20 

Carbon  dioxide 60  60 

Kilrogen 3  2 

It  is  important  to  bear  in  mind  that  wliile  arterial  blood 
coutuins  some  carbon  dioxide  that  can  bo  removed  by  the 
jur-pnmp,  venous  blood  aUo  eon  tains  some  ox}'geu  remova- 
ble in  the  &ame  way;  bo  that  the  dlGferenee  betwooii  the 
two  is  only  one  of  degree.  When  un  animal  is  killed  by 
iiaSocation,  however,  the  last  trace  of  oxygen  whieh  can  bo 
yielded  up  in  a  vacuum  disjippears  from  the  blootl  before 
the  heart  ceases  to  beat.  All  the  blood  of  such  au  unlnial 
is  what  might  be  called  suffocation  blood;  and  has  a  far 
darker  color  than  ordinary  venous  blood. 

The  Causo  of  the  Bright  Color  of  Arterial  Blood.  The 
color  of  the  blood  dej»ends  on  its  ]*ed  corpudclcsj  since  pure 
blood  plasma  or  blood  serum  is  colorless,  or  at  most  a  very 
faint  straw  yellow.  Hence  the  color  change  which  the  blood 
experiences  in  circulating  tlirough  the  lungs  must  be  due 
to  some  change  in  its  red  corpuscles.  Now,  minute  solid 
bodies  suspended  in  a  liquid  reflect  more  light  when  they 
are  more  dense,  other  things  being  equal;  and  the  tirst 
thing  that  suggests  itself  as  the  cause  of  the  change  in 
color  of  the  blood  is  that  its  red  eor]>uscle8  have  shrunk  in 
the  pulmonary  circulation,  and  so  rctloct  more  light  and 
give  the  blood  a  brighter  look.  Tliis  idea  gains  some 
support  from  the  fact  that,  as  seen  under  the  microscope, 
the  red  blood  corpuscles  of  some  animals,  as  the  frog,  do 
expand  somewhat  when  exposed  to  carbon  dioxide  gas  and 
shiiuk  up  a  little  in  oxygen.  But  that  this  is  not  the  chief 
cause  of  the  color  change  is  readily  proved.  By  diluting 
blood  with  water  the  coloring  matter  of  the  red  corpuscles 
can  be  made  to  pasj  out  of  them  and  go  into  sohition  in  the 
plasma  (p.  46)  and  it  is  found  that  such  a  solution,  in  which 
there  can  be  no  rpiestion  as  to  the  reflecting  powers  of 
colored  solid  bodies  8U8[>ended  in  it,  is  brighter  red  when 
supplied  with  oxygen   than  when  deprived  of  tliat  gaa. 
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Thii  Buggesta  that  tlio  culoring  matter  or  hmmoglohin  o 
the  red  corpuscles  combiiica  with  oxygen  to  form  a  scarlet^ 
compound,  and  when  deprived  of  that  giis  has  a  darker  and 
more  jmrpki  color;  and  further  experiments  confirm  this. 
HaMUOglobin  combined  with  oxygen  is  known  as  oxt//i(smO' 
ghbin  and  it  is  on  its  predominance  that  the  color  of 
art4;rial  blmnl  depends.  Hiemoglobin  uncombinedwith  oxy- 
gen is  reduced  hmmoylobin;  it  predominates  in  venons  blood, 
and  is  alone  fonixl  in  tlie  blood  of  a  sutTocated  mammal. 

The  Laws  Oovoming  tho  Absorption  of  Gasos  by  a 
Liquid.  In  order  to  understand  the  condition  of  tlie  gasc*8 
in  the  bl(nKl  liipiid  it  is  necessary  to  recall  the  general  luws 
in  aeeiirdunco  with  which  liquids  absorb  gases.  They  are 
as  follows: — 

1.  A  given  Tolnme  of  a  liquid  at  a  definite  temperature 
if  it  absorbs  any  of  a  gw^  to  which  it  is  exposed,  and  yet  does 
not  combine  chemically  with  it.  takes  up  a  definite  volume 
of  the  gas.  If  the  gas  be  com|>ressed  tho  liquid  will  still, 
at  the  same  temperature,  take  up  the  same  voltime  a*  before, 
but  now  it  takes  up  a  greater  weight;  and  a  weight  exactly 
as  much  greater  as  tho  pressure  is  greater,  since  ouevoltime 
of  a  gas  under  any  pa'ssnro  contains  exactly  twice  as  much 
of  tho  gas  by  weight  as  tho  same  volume  under  half  the 
pressure,  and  soon.  A  liter  oraquart  of  water,  foroxample, 
exposed  to  the  air  will  dissolve  a  certain  amount  of  ox^'gen. 
If  tlie  air  (and  tlierefore  the  oxygen  in  it)  be  compressed  lo 
one  fourth  its  bulk  then  the  water  will  dissolve  exactly  the 
same  volume  of  oxygen  as  before,  but  this  volume  of  the 
compressed  gas  will  contain  exactly  four  time*  us  much 
oxygen  as  did  the  same  volume  of  the  gas  under  the  origi- 
nal pressure;  and  if  now  the  pressure  be  again  diminished 
tho  oxygen  will  be  given  off  exactly  in  propoitiou  as  its 
pressure  on  the  surface  of  the  water  decreases.  Finally, 
when  a  complete  vacnum  is  formed  above  the  surface  of  tlie 
water  it  will  be  fonnd  that  the  latter  has  given  off  all  its 
dissolved  oxygen.  This  law,  that  the  quantity  of  a  gasdia- 
fiolved  by  a  liquid  varies  directly  as  the  presvsure  of  that  gas 
on  the  surface  of  the  liquid  is  known  as  Daltou's  law 
Physica), 
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2.  The  amount  of  a  gas  dissolvod  byaliriuitl  depends,  not 
on  the  total  jiressaro  exerted  by  all  the  gases  pressing  on 
Ms  surface,  but  on  the  fraction  of  the  tot^d  pressure  wliich 
is  exerted  by  the  pailienlar  gas  in  question.  For  example, 
the  total  atmospheric  pressure  is  equal  to  that  of  a  column 
of  mercury  760  mm.  (30  inohcs)  liigh.  But  lOOvolumoa 
of  air  contain  approximately  8o  volumes  of  nitrogen  and 
20  of  oxygen:  therefore  ^  of  the  totid  pressure  is  due  to 
oxygen  and  ^  to  nitrogen:  and  the  amount  of  oxygen 
absorbed  by  Avater  is  just  the  same  as  if  all  the  nitrogen 
were  removed  from  the  air  and  its  total  pressure  there- 
fore Induced  to  \  of  7fiO  mm.  (30  inches)  of  mercury;  that 
is  to  152  mm.  (6  inches)  of  mercury  prwRUTC  It  is  only 
the  fraction  of  the  total  pressure  exerted  by  the  oxygen 
itself  which  affects  the  quantity  absorbed  by  water  at  any 
given  temperature.  So,  too,  of  all  the  atmospheric  preesure 
f  is  due  to  nitrogen,  tuid  all  the  oxygen  might  be  removed 
from  the  air  without  affecting  the  quantity  of  nitrogen 
v.hich  would  be  absorbed  from  it  by  a  given  volume  of 
water.  The  atmosphnric  pressure  would  then  be  f  of  760 
mm.  of  mercury,  or  COS  mm.  (34  inches),  but  it  would  all 
be  due  to  nitrogen  gas — and  bo  ox:iOtly  equal  to  the  fraction 
of  the  total  pressure  "duo  to  that  gtis  Ijefore  the  oxygen  was 
removed  from  the  air.  When  several  gases  are  mixed  to- 
gether the  fraction  of  the  total  pressure  exerted  by  each 
one  is  known  as  the  partial  prfissure  of  that  gas;  and  it  is 
this  partial  pressure  which  determines  the  amount  of  each 
individual  gas  dissolved  by  a  liquid.  If  a  liquid  exposed 
to  the  air  for  some  time  had  taken  up  all  the  oxygen  and 
nitrogen  it  could  at  the  partial  pressures  of  those  gases  in 
the  air,  and  wore  then  put  in  an  atmosphere  in  which  the 
oxygen  had  all  been  replaced  by  nitrogen,  it  would  now 
give  off  all  its  oxygen  since,  although  tl»e  total  gaseous 
pressure  on  it  was  the  same,  no  part  of  it  was  any  longer 
due  to  oxygon;  and  ut  the  same  time  it  would  take  up  ^ 
more  nitrogen,  sinco  the  whole  gaseous  pressure  on  it^  sur- 
face was  now  due  to  that  gas  while  bcfc»ro  only  ^  of  the 
total  wasexL^rted  by  it.  If,  on  the  contrari*,  the  liquid  were 
exposed  to  pure  hydrogen  under  a  pressure  of  one  atmog- 
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phere  it  would  give  off  ull  itj  {iroviouHly  dissolved  oxjgeo 

and  nitrogen,  Bineeuonoof  ih' pressure  oq  its  surface  would 
now  be  clue  to  tliose  gases;  and  would  tuko  up  as  much 
hvdrogen  U8  corresponded  to  a  pressure  of  that  gafi  equal  to 
760  mm.  of  mercury  (30  iuelies). 

3.  A  liijiiid  may  be  such  as  to  combine  chemicallv  with 
a  ga«.  Theu  tbe  amount  of  the  ga8  absorbed  is  indepen- 
dent of  the  ptirtial  pressure  of  tlic  gan  on  the  surface  of  the 
liquid.  The  quantity  absorbed  will  depend  upon  how  much 
the  liquid  nin  »;oiiibiiie  wiUi.  Or,  a  liquid  may  partly  be 
composed  of  things  which  simply  dissolve  a  gas  and  partly 
of  things  which  chcntically  combine  with  it.  Then  the 
amount  of  the  gas  taken  up  under  a  given  partial  pressure 
will  depend  on  two  things;  a  certain  portion,  that  merel 
dissolved,  will  vary  with  tlie  pressure  of  the  gas  iu  questio: 
but  another  })ortion.  that  chemically  combined,  will  rem 
the  same  under  dilTercnt  pressures.  The  amount  of 
second  portion  depends  only  on  the  amount  of  the  Buh- 
gtJince  in  the  liquid  which  can  chomioally  combine  with  it, 
and  IS  totally  independent  of  the  partial  pressure  of  tha 
gas. 

4.  Bodies  are  known  which  chemically  combine  with 
certain  gases  when  the  partial  pressure  of  these  is  consider- 
«blo;  but  the  compounds  thus  forniod  arc  broken  up,  and 
the  gas  liberated^  when  its  partial  pressure  on  the  surfaoe 
of  the  liquid  falls  below  a  cerLaiu  limit. 

5.  A  membrane,  moistenud  by  a  liquid  iu  which  a  gas  is 
Bohible,  does  not  essentmlly  alter  the  laws  of  abscrption,  by 

a  liquid  on  one  side  of  it,  of  a  gas  present  on  its  other  side^M 
wliether  the  absorption  be  due  to  mere  solution  or  to^ 
chemic4il  combinations  or  to  both. 

The  Absorption  of  Oxygen  by  the  Blood.     Applj 
the  physical  and  chemical  facts  stated  in  tlie   precedini 
para;^raph  to  the  blood,  wc  find  that  the  blood  contains  (1^ 
plasma,  which  simjtiy  dissolves  oxygen,  and  (2)  hwmuglobu 
which  combines  with  it  under  some  partial   prossorcs 
that  gas,  but  gives  it  up  under  lower. 

Blood  plasma  or,  what  comes  to  the  same  thing,  fj 
serum,  exposed  to  tho  air,  take^  up  no  more  oxygen  than 
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much  water,  that  is  about  3  vohimea  of  the  gas  for  cverj 
100  of  the  liquid.     This  quantity  obeys  Dalton's  law. 

If  instead  of  blood  serum  fresh  whipped  blood  be  om- 
ploytMi,  the  quantity  of  oxygen  taken  up  is  mitch  greater; 
this  extra  quantity  must  therefore  bo  taken  up  by  the  ixhI 
corpuscles  (in  possessing  which  whipped  blood  alone  differs 
from  blood  serum)  and  it  docs  not  obey  Dalton's  hiw.  If 
the  partial  pressure  of  oxygen  ou  the  surface  of  the 
whipped  blood  be  doubledi  only  as  much  more  oxygen  will 
be  taken  up  as  corresponds  to  that  dissolved  in  the  plasma; 
and  if  the  partial  pressure  of  oxygen  on  its  surface  be  re- 
duced to  one  half  only  a  very  small  amount  of  oxygon  (J 
of  that  dissolved  by  the  serum)  will  be  giren  off.  All  the 
much  larger  quantity  taken  up  by  the  red  corpuscles  will 
be  unaffected  and  must  therefore  bo  chemically  combined 
with  something  in  them.  Since  90  per  cent  of  their  dry 
weight  is  ma<le  up  by  hemoglobin,  and  this  body  when  pre- 
pared pure  is  found  capable  of  combining  with  oxygen,  tliero 
isuodoubt  that  it  isthe  hacmogloljin  in  the  ciitulating  blood 
which  carries  around  nearly  all  the  oxygen  found  in  it. 
The  red  corpuicles  are  so  many  little  packages  in  which 
oxj'gen  is  stowed  away. 

The  compound  formed  between  oxygen  and  htemoglobiu 
is,  however,  a  very  feeble  one;  the  two  easily  separate,  and 
always  do  so  when  the  oxygen  pressure  in  the  liquid  or  gaa 
to  which  the  oxyhaemoglobin  is  ex|)oscd  falls  below  25  mil- 
limeters of  mercury.  Hence,  in  an  air-pump,  the  blood  only 
gives  off  some  of  its  small  portion  of  merely  dissolved  oxy- 
gon, until  the  pressure  falls  to  about  \  of  an  atmosphere, 
that  is  to  ip  =  125  mm.  (5  inches)  of  mercury,  of  which 
total  pressure  one  fifth  (25  millimeters  or  1  inch)  is  due  to 
the  oxygen  present.  As  soon  as  this  limit  is  reached  the 
haemoglobin  gives  up  its  oxygen. 

Consequences  of  the  Peculiar  Way  in  which  the 
Oxygen  of  the  Blood  is  Held.  The  first,  and  most  im- 
portant, is  that  the  bloud  can  take  up  far  more  oxygen  in 
the  lungs  than  would  otherwise  be  possible.  Since  blood 
scrum  exposed  to  pure  oxygen  takes  up  only  3  volumes  for 
100,  blood  exposed  to  the  air  would  take  up  \  only  of  that 
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amount  at  ordinary  temperatures,  and  still  lesa  at  the  tem- 
perature of  the  Body,  were  it  not  for  its  hapmoglobin.  In 
the  lungs  even  loss  would  be  taken  up,  since  the  air  in  the 
air-colls  of  thoso  organs  is  poorer  in  oxygen  than  the 
external  air;  and  consequently  the  partial  pressure  of 
that  gas  in  it  is  lower.  The  tidal  air  takon  in  at  each 
breath  serves  merely  to  renew  directly  the  air  in  the  big 
bronchi;  the  deeper  one  examined  the  pulmonary  air  the 
less  oxygen  and  more  carbon  dioxide  would  be  found, 
till,  in  the  layers  farthest  from  the  exterior  and  only  re- 
newed by  diffusion  with  the  air  of  thn  large  bronchi,  it  is 
estimated  that  the  oxygen  onlyeiii^ts  in  such  quantity  that 
its  partial  pressure  is  equal  to  130  millimeters  of  mercury, 
instead  of  153  as  in  ordinary  air.  In  the  second  place,  on 
account  of  the  way  in  which  haemoglobin  combines  with 
oxygen,  the  quantity  of  that  gas  taken  up  hy  the  blood  is 
independent  of  such  Turiations  of  its  partial  pressure  in  the 
atmosphere  as  we  are  subjected  to  in  daily  life.  At  the  top 
of  a  hi^'li  mountain,  for  example^  the  atmospheric  pressure 
is  greatly  diminished,  but  still  we  can  breathe  freely  and  got 
all  tlic  oxygen  we  want.  So  long  as  the  partial  pressure  of 
that  gas  remain:?  above  25  millimeters  (1  inch)  of  mercury, 
the  amount  of  it  taken  up  by  the  hlood  will  depend  on  how 
much  haemoglobin  there  is  in  that  liquid  and  not  on  how 
much  oxygen  there  is  in  the  air.  So,  too,  breathing  pure 
oxTEfou  under  a  pressure  of  one  atmosphere,  or  air  com- 
pressed to  h  or  \  its  bulk,  does  not  increase  the  quantity  of 
that  gas  taken  up  by  the  blood,  apart  from  the  very  small 
extra  quantity  wlilch  would  be  dissolved  by  tho  plasma. 
All  the  widci^pread  statements  found  as  to  the  exhilaration 
and  excitement  caused  by  breathing  pure  oxygen  are,  as  a 
mutter  of  fact»  erroneous,  being  founded  on  ejirly  experi- 
ments made  with  impure  gas,  and  corrected  by  many  oom- 
petcnt  obscncrs  since. 

Tho  General  Oxygen  Interchanges  in  the  Blood.  Wo 
may  now  try  to  depict  what  happens  to  the  blood  oxygen 
in  a  complete  circulation.  Suppose  we  have  a  quantity  of 
arterial  blood  in  tho  aorta.  This,  fresh  from  the  lungs,  will 
hATO  its  hflomoglobin  almost  fully  combined  with  oxygen 
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and  iu  the  sttitc  of  iixyh;vaiog]obiii.      In  the  blood  plasma 
some  more  oxygeu  will  bo  di^tiolved  aad  so  much  as  answers 
to  a  pressure  of  thut  giis  e({uul  to  130  mm.  {p.'l  inches)  of 
mercury,    which  is  tlio  purtiul  prosHurc  of  oxygen  in  the 
pulmonary  air-cells.     This  tenaion  of  the  gaa  in  the  plasma 
will  bo  more  lluin  sufficient  to  keep  the  haemoglobin  from 
giving  off  its  oxygen.     Suppose  the  blood  now  cntei*B  the 
capilliiries  of  a  muscle.     Iu  the  liquid  moistening  this  organ 
the  oxygen  tension  is  almost  nil,  since  the  tissue  elements 
are  steadily  taking  the  gas  up  from  tlie  lymph  around  them. 
Consequently,  through  the  capillary  walls,  the  plasma  will 
give  off  oxygen  until  the  tension  of  that  gas  in  it  falls  below 
25  millimeters  of  mercury.     Immediately  some  of  the  oxy- 
haemoglobin  is  decomposed,  and  the  oxygon  lil>erated  is  dis- 
solved in  the  plasma,  and  from  there  itgain  passed  on  to  the 
lymph  outside;  and  so  the  tension  in  the  plasma  is  once 
more  lowered  and  more  oxyhsemoglobin  decomposed.     This 
goes  on  so  long  as  the  blood  is  in  the  capillaries  of  the 
mascle,  or  at  any  rate  so  long  as  the  muscuhir  fibres  keep 
on  taking  oxygen  from  tlio  lymph  buthins:  them;  if  they 
cease  to  do  so  of  (?oursc  tlie  tension  of  that  gas  iu  the  lymph 
will  soon  come  to  equal  that  in  the  plasma:  the  latter  will 
therefore  cease  to  yield  oxygen  to  the  former;  and  so  main- 
tain its  tension  (by  the  oxygen  received  from  the  last  de- 
composed oxyhiem:>globin)  at  a  point  which  will  prevent 
the  liberation  of  any  mi>i'o  oxygen  from  such  red  corpusolen 
OS  have  not  yet  given  all  theirs  up.     The  blood  will  now  go 
on  as  ordinary  venous  blood  iuto  the  veins  of  the  mupclo 
Hud  BO  back  to  the  lungs.     It  will  consist  of  (1)  plomrm 
with  oxygen  dissolved  in  it  at  a  tension  of  about  25  milli- 
meters (1  inch)  of  mercury.      (3)  A  number  of  red  cor- 
puscles containing  reduced  hiemoglobin.    (3)  A  number  of 
red  corpuscles  cout^iining  oxyha*moglobin.      Or  perhaps  all 
of  the  red  corpuscles  will  contain  some  reduced  and  some 
oxidized  hsBmoglobin.     The  relative  proportion  of  reduced 
and  unreduced  hnGraoglobiii  will  depend  on  how  active  the 
muscle  was;  if  it  worked  while  tlie  bhiud  flowed  tlirough  it 
it  will  have  used  up  more  oxygen,  and  the  blood  leaving  it 
will  consequently  be  moro  venous,  than  if  it  rested.     This 
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yenous  blood,  returuing  to  the  heart,  is  sent  ou  to  the  pul- 
monary cupillarifji.  Here,  the  partial  pressure  of  oxygen 
ill  the  air-celU  bciug  130  mm.  (5.2  inches)  and  that  in  the 
blood  plasma  much  less,  oxygen  will  be  taken  up  by  the 
latter,  uud  the  tension  of  that  g^  in  the  plasma  tend  to  be 
raised  above  the  limit  at  which  haemoglobin  combines  irith 
it.  Hence,  as  fiist  a«  the  plasma  get-^  oxygen  those  red  cor- 
pueclcs  which  contain  any  reduced  hemoglobin  rob  it,  and 
80  its  oxygen  tension  is  kept  down  below  that  in  the  air- 
cells  until  all  the  haemoglobin  is  satisfied.  Then  the 
oxygen  tension  of  the  plasma  rises  to  that  of  the  gas  in  the 
air-cells;  no  more  oxygen  is  absorbed,  and  the  blood  returns 
to  the  left  auricle  of  the  heart  in  the  same  condition,  so 
tuc  a£  oxygen  is  concerned,  as  when  we  commenced  to  fol- 
low it. 

The  Carbon  Dioxide  of  the  Blood.  The  same  general 
laws  apply  to  this  as  to  the  blood  oxygen.  The  gaa  is 
partly  merely  dissolved  and  partly  in  a  loose  chemical  com- 
binatiou  much  like  that  of  oxygen  with  hajmoglobin,  but 
the  body  with  which  it  combines  in  this  way  exists  iu  the 
plasma  and  not  in  the  red  corpuscles;  what  it  may  be  is 
not  certainly  known.  Besides  this,  some  more  carbon 
dioxide  is  stably  combined  and  is  only  given  off  on  the 
addition  of  a  stronger  acid.  The  partial  pressure  of  carbon 
dioxide  in  the  pulmonary  air-ceils  is  about  40mm.  (1.6 
inches)  of  mercury.  Therefore  the  tension  of  that  gas  in 
the  pulmouary  capillaries  must  be  more  than  this.  On 
the  other  hand  its  tension  in  arterial  blood  must  be  less 
than  tliat  in  the  lymph  around  the  tissues;  otherwise  it 
could  not  enter  the  blood  in  the  systemic  circulation,  which 
it  does,  as  proved  by  the  fact  that  100  vols,  of  venous  blood 
give  off  00  of  this  gas,  and  100  vols,  of  arterial  only  50. 

The  nitrogen  contained  in  the  blood  is,  so  far  as  we  know, 
quite  unimportaut. 

Internal  Respiration.  As  to  the  amount  of  oxygen 
used  by  each  tissue  and  the  q.iantity  of  carbon  dioxide  pro- 
duced by  it  we  know  but  little;  the  following  points  seem, 
however,  tolerably  certain:  — 

The  amount  of  carbon  dioxide  produced  in  an  organ 
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in  a  giTen  time  bears  no  constant  ratio  to  the  amount  of 
oxygen  taken  up  by  it  simultaneously.  This  is  certainly 
true  of  muscle,  for  experiment  shows  tbat  muscular  work, 
while  it  continues,  leads  to  an  elimination  of  carbon  dioxido 
containing  more  oxygen  than  the  total  oxygen  taken  up 
from  the  lungs  in  the  same  time.  The  Imlanco  is  of  course 
made  ap  in  subsequent  periods  of  rest,  when  more  free 
oxygen  is  taken  up  than  is  eliminated  in  combination 
during  the  same  time.  Moreover,  a  frog's  muscle  excised 
from  the  body  and  put  in  an  atmosphere  containing  no 
oxygen  and  mode  there  to  contract,  will  evolve  with  each 
contraction  considerable  quantities  of  carbon  dioxide — 
although  from  the  conditions  of  the  experiment  it  can 
receive  from  outside  no  uncombined  oxygen,  and  other 
experiments  show  that  it  contains  none.  Ilcnce  the  living 
muscular  fibre  must  contain  a  substance  which  is  decom- 
posed daring  activity  and  yields  carbon  dioxido  as  one  pro- 
duct of  decomposition;  and  this  quite  independent  of  any 
simultanooua  direct  oxidation. 

2.  What  is  true  of  muscle  is  probably  true  of  most  of 
the  tissues.  During  rest  they  take  up  o.xygen  and  fix  it 
m  the  form  of  complex  compounds,  bodies  which,  like  gun- 
powder, are  readily  decomposed  into  simpler,  and  in  such 
decompositions  liberate  energy  which  is  used  by  the  work- 
ing tissue.  Ono  prodar.t  of  tho  docoraposition  is  the 
highly  oxidized  carbon  dioxide,  and  this  is  eliminated; 
other  products  are  less  oxidized,  and  pos-sibly  arc  not  elimi- 
nated but  built  up  agiiin,  with  fresh  oxygen  taken  from  the 
blood  and  frash  carbon  from  the  food,  into  the  decomposa- 
ble substance. 

3.  During  the  day  a  man  gives  off  from  his  lungs  more 
oxygen  in  carbon  dioxide,  than  he  takes  up  by  the  same 
organs  from  the  air.  During  tho  night  tho  reverse  is  the 
case.  This,  however,  bus  nothing  to  do  with  the  alternating 
perioda  of  light  and  darkness,  as  it  has  in  the  cose  of  a 
green  plant,  whicli  in  the  light  evolves  more  oxygen  than 
it  consumes  and  in  tho  dark  tho  contrary.  It  depends, 
rather,  on  the  fact  that  during  the  day  more  muscular  effort 
is  exorted  than  at  night,  and  the  meals  are  then  takou 
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and  digested.  The  activity  of  the  muscles  and  the  digestire 
glanda  ia  deiwndcnL  ou  i)rc>oesses  whicli  givi?  rise  to  a  largo 
prodnctiou  of  carbon  dioxide  and,  diiriug  the  night,  when 
both  arc  at  rest,  more  oxygen  is  tiiken  tip  than  is  coDtoincd. 
in  the  carbon  dioxide  cHininatcd.  If  a  man  works  and 
takes  bis  meals  at  uighl,  and  sleeps  iu  the  day,  the  usual 
ratii>s  of  his  gaseous  exchanges  with  the  eiteriorare  entirely 
reversed. 

4.  The  amount  of  work  that  a  man's  organs  do,  ia  not 
dei>endeut  on  the  amount  of  oxygen  euiiplied  to  them,  but 
the  amount  of  oxygen  used  by  liim  dejitMids  on  how  much 
bo  uses  his  organs.  The  ijimutity  of  oxygen  fiupplied  must 
of  course  always  bo,  at  leu^^t,  iliat  reqnirud  to  prcTcnt  suffoca- 
tion; but  an  excess  above  this  limit  will  not  make  the  tissues 
work.  Jnst  as  a  man  must  have  a  cd^tain  amount  of  food 
to  keep  bim  alive,  so  be  must  Imvo  a  certain  amount  of 
oxygen;  but  as  extra  food  will  not  make  bia  tissues  or  him 
(who  is  physiologically  the  sum  of  all  bis  tissues)  work, 
apart  from  some  stimulus  to  exertion,  so  it  is  with  oxygen. 
Highly  artcrlalized  blood,  or  an  abnormal  amount  of  blood, 
flowing  tixniugh  an  organ  will  not  arouse  it  to  activity; 
the  workingorgan,  muscle  (p.  *^o7)  or  gland  (p.  269),  for  ex- 
ample, usually  gets  more  blood  tosup[>ly  its  extra  needs — 
just  as  a  bcaltUy  man  who  works  will  have  a  better  appe- 
tite than  an  idle  one;  bub  as  taking  more  food  by  an  idle 
man  will  not  of  itself  make  him  more  energetic,  so  neither 
will  sending  more  arterial  blood  through  an  organ  excite 
it  to  activity. 

5.  The  preceding  statement  is  confirmed  by  exj>erimGnt« 
which  show  that  an  animal  uses  no  more  oxygon  in  an  hour 
when  ma<lo  to  brcatho  that  gas  in  a  pure  st^tc,  than  when 
allowed  to  breathe  ordinary  air.  Iu  other  words,  the 
amount  of  oxygen  an  animal  uses  (provided  it  gets  tho 
minimum  necessary  for  health)  is  dependent  only  on  how 
much  it  uses  its  tissnes.  Thej^o  (the  re.>t  in  most  cases  sub- 
ject to  a  certain  amount  of  cnnlrol  from  the  nervous)  de- 
termine their  own  activity,  and  this,  in  turn,  how  much 
oxygen  shall  be  used  in  iho  systemic  circulation  and  ro- 


I 


A 


nrTBRNAL  RESPIRATION. 


389 


stored  in  the  pnlmonary.  In  other  words,  the  physiological 
work  of  an  animal,  which  in  turn  is  largely  dependent  upon 
how  external  forces  act  upon  it,  determines  liow  much 
oxygen  it  uses  daily;  and  not  the  supply  of  oxygen  how 
much  its  tissue  activity  shall  be,  unless  the  supply  sinks 
below  the  starvation  limit. 


CHAPTER  XXVL 

THE  NERVOUS   FACTORS  OF  THE  RESPIRA- 
TORY MECHA^^ISM.     ASPHYXIA- 


Tho  Respiratory  Centre.  Tlio  respirator}-  moyeracnts 
are  to  a  uertaiii  extent  under  the  control  of  the  will;  we 
cau  breathe  faster  or  slower,  shallower  or  more  deeply,  as 
we  wish,  aud  canalao  *'  hold  the  hrenth"  for  some  time — but 
the  voluntary  control  thus  exerted  is  limited  in  extent; 
no  one  cim  commit  suicide  by  holding  his  breath.  In 
ordinarv  quiet  bruiUlniii^  llie  movomeuts  tiro  ijuite  involun- 
tary; they  go  on  perfectly  witliout  the  lejLst  attention  on 
our  part^  and,  not  only  in  sleep,  but  durinsj  the  unconscious- 
ness of  fainting  or  of  au  ajiojilectic  fit.  I'hc  natural  breath- 
ing movements  are  therefore  cither  reflex  or  automatic 

The  muscles  concerned  in  producing  the  changes  in  the 
chest  which  lead  to  the  entry  or  exit  of  air  are  of  the 
ordinary  striped  kind;  and  these,  as  we  have  seen,  only  con- 
tract in  the  Body  under  the  influence  of  the  nerves  going 
to  them;  the  nerves  of  the  diaphragm  are  the  two  phrenic 
nerves  (p.  1'jI),  one  for  each  side  of  it;  the  external  inter- 
costal muselca  are  supjilied  by  certain  branches  of  the  dor- 
sal spinal  nerves,  called  the  intercostal  nerves.  If  the 
phrenic  nerves  he  cut  the  diaphragm  ceases  ita  contractions, 
and  a  similar  paralysis  of  iho  external  intorcostals  follows 
section  of  the  intercostal  nerves. 

Since  tlio  inspiratory  muscles  only  act  when  Btimulated 
by  nervous  impulses  reaching  ihem,  we  have  next  to  seek 
where  these  impulses  originate;  and  experiment  shows  that 
it  is  in  the  medulla  ohlomjata.  All  the  brain  of  a  cat  or  a 
rabbit  in  front  of  the  niedulhi  can  be  removed,  and  it  will 
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the  medulla  ohlongatii  only,  the  rest  of  the  brain  being  un- 
develo|>ed,  and  yot  they  breathe  perfectly  well.  If,  on  the 
other  hand,  the  spinal  cord  be  divided  imnacdiateiy  below 
the  medulla  of  an  animal  all  brouthiug  movemcnu  of 
the  chest  cease  at  once.  We  conclude,  therefore,  that  the 
nervous  impulses  calling  forth  contractions  of  the  res)iira- 
tury  muscles  arise  \\\  the  medulla  oblongata,  and  travel 
dtiwn  the  spinal  cord  and  thence  out  along  the  phrenic  and 
intercostal  nerves.  This  is  contirmed  by  the  fact  that  if 
the  spinal  cord  be  cut  across  below  the  ori*^n  of  the  fourth 
pair  of  cervical  8]jinal  nerves  (from  which  the  phrenics 
mainly  arise)  but  above  the  first  dorsal  8j)inrtl  nerves, 
the  respiratory  movements  of  the  diaphragm  continue  but 
those  of  the  intercostal  muscles  cease;  this  ]>honomenon 
h&s  sometimes  been  observed  iu  men  stabbed  in  the  buck,  so 
as  to  divide  the  spimd  cord  in  the  region  indicated.  Finally, 
that  the  nervous  impulses  exciting  the  inspiratory  muscles 
originate  in  the  modullu,  is  proved  by  the  fact  that  if  a 
small  portion  of  tliat  organ,  the  so-called  vital  pointt  bo 
destroyed,  all  the  respiratory  movements  cease  at  once  and 
forever,  although  all  the  rest  of  the  brain  and  spinal  cord 
nniy  be  loft  uninjured.  This  part  of  the  medulla  is  known 
as  the  respiratory  cetUm. 

In  the  above  statements,  for  the  sake  of  simplicity,  atten- 
tion has  been  chiefly  confined  to  the  diaphragm  and  the 
intercostal  muscles;  but  what  is  said  of  them  is  true  of  the 
respiratory  innervation  of  all  other  breathing  muscles, 
whether  expiratory  or  inspiratory,  normal  or  extraordinary; 
in  all  cases  the  impuke  giving  rise  to  a  respiratory  move- 
ment starts  from  the  centre  placed  in  the  medulla  oblon- 
gata. 

Is  the  Respiratory  Centre  Reflex?  Since  this  centre 
goes  on  working  inde|)endently  of  the  will  wo  have  next  to 
imiuire  is  it  a  reflex  centre  or  not;  are  the  offcrcnc  dis- 
charges it  sends  idong  the  respfratory  nerves  due  to  afferent 
impulses  reaching  it  by  centripetal  nerve-fibres;  or  does  it 
originate  efferent  nervous  impulses  independently  of  excita- 
tion through  aflferent  nerves? 

We  know,  iu  the  first  place,  that  the  respiratory  centre  is 
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largely  under  reflex  control;  a  dash  of  cold  watei  on  the 
Bkin,  tbo  irritaticm  of  tho  n\xi^i\\  mucHHia  nienibrane  hf 
snuff,  or  of  tlie  larynx  by  a  furuigu  body,  will  euch  cause 
modiliuation  in  the  Pespimtory  movements — along  indraw 
breath,  a  sneeze,  or  a  cough.  But,  although  thuis  eubjoc 
to  inlluenoes  reaching  it  by  afferent  nerves,  tho  respinitorT 
centre  seems  essentially  independent  of  moii.  In  maur 
animals,  as  rabbitt;,  (and  hi  ttome  men,)  marked  IrostJim^ 
movements  take  pbice  in  ihe  nostrils,  which  dilute  dnring 
inspiration;  and  wlicu  the  spina!  cord  of  a  rabbit  is  cut  clos* 
to  the  medulla,  tlms  cutting  off  idl  afferent  nervous  im- 
puLses  to  the  re.s]>iratory  centre  except  such  as  may  reach 
it  tbrough  crania!  nerves,  the  respiratory  movements  of  tho 
nostrils  still  continue  until  death.  The  movements  of  tho 
ribs  and  dinpliragm  of  course  cease,  and  so  the  animal 
dies  very  soon  unless  artificial  respiration  }>o  maintuined. 
Moreover,  if  after  cutting  the  spinal  cord  aa  above  described, 
all  afferent  cranial  nerves  be  divided,  bo  as  to  cut  off  tho 
re6j)ii*atory  centre  from  all  possible  afferent  nervous  im- 
pulses, tho  regular  breathing  movcmentB  of  the  nostrils 
continue.  It  is,  therefore,  obvious  that  tho  activity  of  the 
respiratory  centre,  liowcvcrr  much  it  may  be  capable  of 
mudificatiou  through  sensory  nerves,  is  essentially  inde- 
pendent of  them;  in  other  words  tho  normal  respirator/ 
movements  are  not  reflex. 

What  it  is  that  Excitos  the  Respiratory  Centre,  Tho 
thing  thnt,  above  ull  others,  iiitluences  the  respiratory  centre 
is  the  greater  or  Ws  vcnofiity  of  the  bli>od  flowing  through 
it.  If  thi«  blood  be  very  i*ich  in  oxygen  and  comparatively 
poor  in  carbon  dioxide  the  respiratory  centre  acts  but  feebly, 
and  the  rcs]>irntionR  are  fihullnn-.  If,  on  the  other  hand,  this 
blood  be  highly  venous  the  respiratory  movements  are  mont 
ra]>id  than  normal,  and  forced,  the  extraordinary  muscles  of 
respiration  being  called  into  piny;  this  state  of  violent 
labored  respiration,  duotodeficieiil  acrutiunof  the  blood,  \s 
called  thjspnwa,  Xormal  quiet  breathing  is  riipntra.  If  Uio 
blood  Ih>  highly  aerated,  ua  by  keeping  up  forced  artificial' 
respiration  for  a  time,  all  respiratory  movements  cca5c;  tho 
highly  oxygenated  blood  does  not  excite  tho  respiratorr 
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centre,  uiid  the  animal  therefore  romuins  without  breathing 
at  all  for  aome  time;  tliis  condition  is  apnmt,  though  phy- 
fiiciana  by  the  word  apno?a  commonly  mean  merely  extremo 
dyspnceo.  If  an  unimul  be  made  apnaMc  and  the  artificial 
respiration  stopped,  its  blood,  during  the  cessation  of  the 
respiratory  movements,  gradually  losing  oxygen  and  receiv- 
ing carbon  dioxide,  passes  into  the  state  of  ordinary  blood 
and  again  stimulates  the  respiratory  centre,  and  the  breath- 
ing movements  then  recommence. 

How  it  is  that  highly  venous  blood  causes  great  excita- 
tion of  the  respiratory  centre,  and  highly  arterial  cesj-ation 
of  its  aotivity,  is  not  certainly  known;  but  we  may  make  the 
following  provisional  hyjmtheKJji.  The  chemical  changes 
occurring  in  the  respiratory  centre  give  rise  to  a  substance 
or  substances  which  stimulate  its  nerve-cells.  When  the 
blood  is  richly  supplied  with  oxygen  this  substance  is  oxi- 
dized and  removed  as  fast  as  it  is  forme<l,  and  so  the  centre 
13  not  excited.  When  the  blood,  on  the  other  hand,  is  un- 
usually poor  in  oxygen,  the  stimulating  body  accnmnlates 
and  the  respiratory  discharges  become  more  powerful. 
Under  normal  circumstances  the  blood  oxygen  is  not  kept 
quite  up  to  the  point  of  entirely  removing  this  exciting 
eub.stani.'C,  and  the  centre  is  stimulated  so  far  as  to  pro- 
duce the  natuml  breathing  movemonta  but  not  the  more 
forced  ones  of  dyspnopa.  That  the  stimulating  cause,  what- 
ever it  is.  acts  upon  the  respiratory  centre  and  not  upon  the 
various  organs  of  the  Body  and  through  their  sensory 
nerves,  in  turn,  ujmn  the  medulla,  is  proved  not  only  by  the 
facts  above  cited  showing  that  the  respiratory  centre  con- 
tinues to  act  when  all  afferent  nerves  arc  cut  off  from  it, 
but  also  by  expenments  which  show  thnl  the  circulation  of 
Tenons  blood  throngh  the  body  of  an  animal,  "while  at  the 
same  time  its  respiratory  centre  is  supplied  with  arterial 
blood,  does  not  produce  dyspna'a;  while  sending  venous 
blood  to  the  medulla  and  arterial  to  all  the  rest  of  the  Body 
does  cause  dj'spnoeu. 

Why  are  the  Respiratory  Dischargos  Rhythmic?  Every 
complete  rcsjuratory  act  consists  of  an  inspiration,  an  expira- 
(ioa  and  a  pause;  and  then  follows  the  inspiration  of  i\n) 


304 


THE  ncstAy  Bonr. 


next  act.  In  uatund  quiet  brouthiiig  there  is  no  essential 
difference  between  the  expiration  and  the  pause.  The  in- 
«pinttitin  is  the  only  active  part  (p,  303);  the  oxpirattun  and 
the  jiuuseare  dejwndent  on  muscular  inactivity  and,  there- 
fore, on  the  ceseation  of  the  discharge  of  nervous  impulses 
from  the  respiratory  centre.  But  then,  we  may  ask,  if  in 
accordance  with  the  hy[>fltlie8ia  made  in  the  last  para^aph, 
the  respiratory  centre  is  constantly  being  excited,  why  ia  it 
not  always  discharging?  why  doe^  it  only  send  out  nervous 
impolses  at  intervalti?  This  quest  ion,  which  is  essentially  the 
same  as  that  why  the  heart  beats  rhythmically,  belongs  to 
the  higher  regions  of  Physiology  and  can  only  at  present  be 
hypothetically  answered.  Let  us  consider,  for  a  moment, 
ordinary  mechanical  circumstances  under  which  a  steady 
nupj)Iy  is  turned  into  an  intermittent  discharge.  Suppose 
a  tube  clost'd  water-tight  below  liv  a  fiingcd  plate,  which  is 
kept  shut  by  a  spring.  If  a  nteady  fitrt'um  of  water  is  poured 
into  the  tube  from  above,  the  water  will  rise  until  it«  weight 
is  able  to  overcome  the  pressure  of  the  spring,  and  the 
plate  will  then  be  forced  down  and  some  water  flow  out. 
The  s])ring  will  then  press  the  plate  up  again,  and  the  water 
accumulate  until  it^  weight  again  forces  open  the  bottom  of 
the  tube,  and  there  is  another  outrush;  and  so  on.  By 
opposing  a  certain  resistance  to  the  exit  wo  ct>uld  thua 
turn  a  steady  inllow  into  a  rhythmic  uiitllow.  Or.  ta.ke  the 
case  of  a  tubb  witli  one  end  immuL'sed  in  water  and  a  steady 
stream  of  air  sent  into  its  other  end.  The  air  will  emerge 
from  the  innnerscd  end,  not  in  a  steady  current,  but  in  a 
aeries  of  bubbles.  Its  pressure  in  the  tube  must  rise 
until  it  is  able  to  overcome  the  cohesive  force  of  the  water, 
and  then  a  bubble  bursts  forth;  after  this  the  ijirhas  again 
to  get  up  the  rctjuisite  pressure  in  the  tube  before  another 
bubble  is  ejected;  and  so  the  continuous  supply  is  tran^ 
formed  into  an  intermittent  delivery.  Physiologists  sup- 
pose something  of  the  same  kind  to  occur  in  the  respira- 
tory centre*  Its  nerve-cells  are  alwavs,  under  usual 
circumstances,  being  excited;  but,  to  discharge  a  nervoun 
impulse  along  the  efferent  respinitory  nerves,  they  have  to 
overcome  a  certain  resistance.     The  nervous  impulses  have 
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to  accnmuliite,  or  *'gain  a  head/'  before  tUcy  travel  out 
from  the  centre,  and.  after  their  discharge,  time  is  re<|uired 
to  attttin  once  mure  the  necessary  Icrel  of  irruption  before  a 
fresh  innervation  is  sent  to  tlio  muHcles.  This  method  of 
accountiDg  for  tlie  respiratory  rhythm  is  known  as  the 
"resistance  theory,'^  If  not  altogether  satisfaetor)*  it  is  at 
least  fax  preferable  to  the  older  mode  of  considering  the 
question  solved  by  assuming  a  rhythmic  character  or  prop- 
erty of  the  respiratory  centre.  It  gives  a  definite  hypothe- 
sis, which  accords  with  what  is  known  of  general  natural 
laws  outside  of  the  Body,  and  the  truth  or  falsity  of  which 
can  he  tested  by  experiment:  and  so  Rorvcs  very  well  to 
show  how  scientitic  differs  from  pre-scientific,  or  meduevaU 
pihysiology.  The  latter  was  content  with  observing  things 
in  the  Body  and  considered  it  explained  a  phenomenon 
when  it  gave  it  a  qama  Now  we  call  a  phenomenon  ex- 
l>lained.  when  we  have  found  to  what  general  category 
of  natural  laws  it  cftn  he.  reduced  as  a  special  example; 
and  this  reducing  a  special  case  to  a  particular  manifesta- 
tion of  some  one  or  more  general  properties  of  matter 
already  known  is.  of  course,  all  that  we  ever  mean  when  we 
say  we  explain  anything.  We  explain  the  fall  of  an  apple 
and  the  rise  of  the  tides  by  referring  them  to  the  clas,s  of 
general  results  of  the  Law  of  Gravitation;  but  the  why  of 
the  law  of  gnivitation  we  do  not  know  at  all;  it  in  merely  a 
fact  which  we  have  found  out.  So  with  regard  to  Physi- 
ology; we  are  working  scienlificnlly  when  w-e  try  to  reduce 
the  activities  of  the  living  Body  to  spect.il  instances  of 
mechanical,  physical,  or  chemical  lawft  otherwise  known  to 
us,  and  unscientifically  when  we  lose  sight  of  that  aim. 
Certain  vital  phenomena,  as  those  of  blood-pressure,  we  can 
thus  explain,  as  much  as  we  can  explain  anything;  others,  as 
the  rhythm  of  the  respiratory  mov-ements,  we  can  provision- 
ally explain,  although  not  yet  certain  that  our  explana- 
tion is  the  right  one;  and  still  others,  as  the  phenomena  of 
consciousness,  we  cannot  explain  at  all,  and  possibly  never 
will,,  by  refemng  them  to  general  projwrties  of  matter^ 
since  they  may  bo  propertied  only  of  that  particular  kind  of 
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matter  called  protoplasm,  and  perhaps  only  of  some  xaric- 
tiea  of  it 

The  Relation  of  the  Pneiunogostric  Nerves  to  the  BeA- 
plratory  Centre.     Wc  Imvo  next  to  consider  if  any  pheno- 
mena presented  by  tho  living  Body  give  support  to  tho 
pesistiinco  theory  of  tho  respiratory  rhythm.     A  very  im- 
portant coUatenil  prop  to  it  is  given  by  the  relation  of  the 
pnciunogiistric  nerves  to  tho  rate  and  force  of  the  respira- 
tory movements.     These  nerves  give  branches  to  the  larynx, 
the  windpji>e,  and  the  lungs,  in  addition  to  numerous  other 
part,"*,  and  might  therefore  be  susjwcted  to  have  something 
to  do  with  breathing.      That  they  are  not  concerned  in  in- 
fluencing tho  respiratory  muscles  directly  is  shown  bv  the 
fiitl  that  all  of  these  muscles  (except  certain  small  ones  in 
tho   larynx)   contract  as   usual   in   breathing    after    both 
pncumogustric  nerves  have  hoen  divided.  Still,  the  section 
of  both  nerves  has  a  considerable  influence  on  the  respini- 
tory  movements;  they  become  slower  and  deeper,    Wc  niay 
uudersland  this  by  supposing  that  the  resistance  to  the  dis- 
chiirges  of  tho  respiratory  centre  is  liable  to  variation.      It 
may  he  increased,  and  then  tho  discharges  will  be  fewer  and 
larger;  or  diminished,  and  then  they  will  be  more  frequent 
but  each  one  Ic^s  powerful.     If  the  spring,  in  the  illustnw 
tion  ugeti  in  tho  preceding  paragraph,  be  made  stronger, 
while  the  inflow  of  water  to  the  tube  remaini?  the  same,  the  ^ 
outflows  will  be  less  frequent  but  eacii  one  greater;  and  riVl^| 
verfia,     Tho  effect  of  section  of  the  pneumogastric  tnink^^ 
may,  therefore,  be  explained  if  we  suppose  that,  normally,  it 
carries  u\y,  from  its  luug  branches,  nervous  impulses  whic 
diminish  tho  resistance  to  the  discharges  of  the  respiratory 
centre;  when  tho  nerves  are  cut  these  helping  impulses  art 
lost  to  the  centre,  and  its  impulses  must  gather  more  head 
before  they  break  out,  but  will  be  greater  when  they  do. 
This  view  is  conflrmod  by  the  fact  that  stimulation  of  thi 
central  ends  of  tho  divided  pncumogastrics,  if  weak,  brin 
back  llio  respirations  to  their  normal   rate  and    force 
stronger  makes  them  more  rapid  and  shallower;  and  whe 
stronger  still,  abolishes  tho  respiratory  rhythm  altogetiierj 
with  the  inspiratory  muscles  in  a  steady  state  of  feeble  cou 
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traction.  That  is  to  say,  the  resistance  to  the  discharges  of 
the  centre  being  entirely  tukeii  away  (wliich  is  equivalent 
to  the  total  removal  of  the  .sjmng  in  our  exam|tlc),  the  cen- 
tre fiend*  out  uninteiTUpted  and  nun-rhythmic  stimuli  to 
the  inspiratory  muscles. 

The  pneumogastric  nerve  gives  two  branches  to  the  Iar}Tix; 
known  respectively  as  the  superior  and  inferior  (recurrent) 
laryngeal  nerves;  the  action  of  these  on  the  respiratory 
centre  is  opposite  to  that  of  the  fibres  from  the  lungs 
coming  up  in  the  main  pneuniogastric  trunk.  If  the 
6Uj)cnur  laryngeal  branch  be  dividc<i  and  its  central  end 
stimulated,  the  respirations  Ijecome  less  frequent  but  each 
one  more  powerful;  hence  this  nerve  is  supposed  to  increase 
tlie  resistance  to  tho  di.scliarges  of  the  respiratory  centre. 
The  same,  but  to  a  If^ss  degree,  is  true  of  the  inferior  laryn- 
geal branch. 

The  Expiratory  Centre,  nitherto  we  have  considered 
breathing  as  due  to  the  rhythmically  alternating  activity 
and  rest  of  an  inspiratory  centre — and  such  is  the  case  in 
normal  cpiict  breathing,  in  which  the  expirations  are  pas- 
sive. But  in  dyspnoea  expiration  is  a  muscular  act,  and 
so  there  must  be  a  section  of  the  respiratory  centi-o  control- 
ling the  expiratory  muscles,  Thia  part  of  tlie  respiratory 
centre,  however,  is  less  irritable  than  the  inspiratory  part, 
and  hence  when  tlie  blood  in  in  a  normal  state  of  aeration 
never  gets  stimulated  up  to  the  dif^charging  jwint.  In  dysp- 
noea the  stimulus  becomes  sufficient  to  cause  it  also  to 
discharge,  but  only  after  the  more  irritable  inspiratory 
centre;  hence  the  expiration  follows  the  inspiration*  This 
alternation  of  activity  is,  moreover,  promoted  by  the  fact 
that  the  pncumogasti'ic  nervo-tibres  coming  up  from  the 
lung^  are  of  two  kinds.  The  predominant  sort  are  those 
already  referred  to,  which  diminish  the  resistance  to  dis- 
charge of  the  inspiratory  centre,  and  perhaps  also  increase 
the  resistance  to  the  expiratory  diseluirge.  This  set  is  ex- 
cited when  the  lungs  diminish  in  bulk,  as  in  expiration; 
and  when  the  whole  nerve  is  stimulated  electrically  they 
usually  get  the  better  of  the  other  set,  which  carry  up  to 
the  medulla  impulses  which  increase  the  resistance  to  iu- 
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Bpiratory  discharges  and  diminish  that  to  expiratorv,  and 
are  stimulated  when  the  hinga  cx[>and.  Hence,  ererv  ex- 
pansion of  the  hinga  (ingjiiraHon)  tends  Xjq  promote  an 
expiration,  and  every  collapse  of  the  Inngs  (expiration)  tend* 
to  produce  an  inspiration;  and  so,  through  the  pueumo- 
gastnc  nerves,  the  respiratory  mechanism  is  largely  telf- 
regnlating. 

Asph3ncia.  Asphyxia  is  death  from  6u£PocatioD,  or  want 
of  oxygen  by  the  tissues.  It  may  be  brought  about  infl 
various  ways;  as  by  strangulation,  which  prevents  the  entry 
of  air  into  the  lungs;  or  by  exposure  in  an  atmosphere  con- 
taining no  oxygen;  or  by  putting  an  animal  in  a  vacuum; 
or  by  making  it  breathe  air  containing  a  gas  which  has  a 
stronger  affinity  for  hsemoglobin  than  oxygen  has,  and 
which,  therefore,  turns  the  oxygen  out  of  the  red  corjni soles 
and  takes  its  place.  The  gases  which  do  the  latter  are 
very  interesting  since  they  serve  to  prove  conclusively  that 
the  B<Miy  ciin  only  live  by  the  oxygen  carried  round  bv  the 
hirmoglnbin  of  the  red  corpuscle^s;  that  amount  dissolved 
in  the  blood  plasma  bring  insufficient  for  its  needs.  Of 
such  gasea  carbon  monoxide  is  the  most  important  and  bept 
studied;  in  the  favorite  French  mo<le  of  committing  suicide 
by  stopping  up  nil  the  ventilation  holes  of  a  room  and 
burning  charcoal  in  it.  it  is  poisoning  by  carbon  monoxide 
whu;h  causes  death. 

Thfl  Relations  of  Carbon  Monoxide  to  HeBmoglobin. 
If  iienited  whipped  blood,  or  a  solution  of  oiyhfemoglohin. 
be  exposed  to  a  gaseous  mixture  containing  carlwn  mon- 
oxide, the  liquid  will  absorb  the  latter  gas  and  give  off 
oxygen.  The  amount  of  carbon  monoxide  taken  up  will 
(apart  from  a  small  amount  dissolved  in  the  plasma)  he  inde- 
pendent of  the  partial  pressure  of  that  ^s  in  the  gaseous 
mixture  to  -which  the  blood  is  exposed:  the  fjuantity  al>6orbed 
depends  on  the  quantity  of  hflemoglobin  iu  the  liquid, 
and  is  replaced  by  an  equal  volume  of  oxygen  liberated. 
This  equivalence  of  volume,  of  itself,  proves  that  the  phe- 
nomenon is  due  to  the  chemical  replacement  of  oxygen 
in  some  compound,  by  the  carbon  monoxide;  lor  if  the 
carbon  monoxide  were   merely  dissolved  in  the  liquid  m 
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proportion  to  its  purtiul  pressure  on  the:  surface,  it  would 
^tunl  out  no  oxygen;  the  quantity  of  dissolved  gases  held 
by  a  licjuid  being  dependent  only  on  the  partial  pressure  of 
each  individual  gas  on  its  surface,  and  unaffected  by 
that  of  all  others.  During  the  taking  up  of  carbon 
monoxide  the  blood  changes  color  in  a  way  that  can  bo 
recognized  by  a  practiced  eye;  it  iHJcomes  cherry  red  instead 
of  scarlet.  This  shows  tliat  some  new  chemical  compound 
has  been  formed  ni  it;  examination  with  the  Bpectroscopo 
confirms  this,  and  shows  the  color  change  to  be  duo  to  the 
formation  of  carbon-monoxide  haemoglobin  which  has  a 
different  color  from  oxyhoemoglobin.  A  dilute  solution 
of  reduced  haemoglobin  absorbs  jill  the  rays  of  light  in  ono 
region  about  the  green  of  the  solar  spectrum  (see  Physics), 
and  so  produces  there  a  dark  band;  a  thin  layer  of  the  blood 
of  an  asphyxiated  animal  does  the  same.  Dilute  solution 
of  oxyhoemoglobin  absorbs  the  rays  in  two  narrow  regions 
of  the  solar  8i)ectrum  nfc  the  confines  of  the  yellow 
and  green,  and  arterial  blood  does  the  same.  Dihito 
solution  of  c^irbon-monoxido  hcemoglobin,  or  hln(>d  which 
hits  been  exposed  to  this  gas,  also  absorbs  the  \\%\\i  in  two 
narrow  hands  of  the  solar  8i»ectriun:  but  thcr^c  are  nearer 
the  blue  end  of  the  spectrum  than  tlio  absoi-ption  bands 
of  oxyh»mogIobin.  Pure  blood  serum  saturated  with  oxy- 
gen gas  or  with  carbon  monuxidedoes  not  Kpcoially  absorb 
any  part  uf  the  spectrum;  therefore  the  uIjyor[)tiuns  when 
haemoglobin  is  present,  must  be  duo  to  ehcmicul  compounds 
of  those  gases  with  that  body. 

Sinc«  carbon-mouoxidc-hBemoglobin  has  a  bright  red  color, 
we  find  in  the  Bodies  of  jtersons  poisoned  by  that  gas,  the 
blood  all  through  the  Body  cherry  red;  the  tissues  being 
unable  to  take  carbon  monoxide  from  bzemoglobin  in  the  fvs- 
temic  circulation.  Ilence  tlie  curious  fact  that,  while  death 
is  really  duo  to  asphyxia,  the  blood  is  almost  the  color  of 
arterial  blood,  instead  of  very  dark  purple,  as  in  ordinary 
cases  of  death  by  suffocation.  Experiments  with  animals 
show  that  in  poisoning  by  carbon  monoxide  persistent  ex- 
posure of  the  blood  to  oxygen,  by  means  of  artificial  respi- 
ration, will  cause  the  poisonous  gas  to  bo  slowly  replaced 
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again  by  oxygen;  honco  if  the  heart  has  not  yet  quite 

8top]>ed  boating,  artificial  respiration,  kept  up  patiently, 
should  be  employed  for  the  I'cstoration  of  persons  poisoned 
]>y  carbon  monoxide. 

The  Phenomena  of  Asphyxia.  As  soon  as  the  oxygen 
ill  the  Mood  falls  below  the  iioniid  amount  the  breathini' 
liiTonies  hurried  and  deeper,  and  the  extniordinary  musclca 
of  respiratiou  are  called  into  activity.  The  dyaj>nopa  be- 
comes more  and  more  marked,  and  this  is  esj>ecittljy  the 
case  with  the  expirations  which,  almost  or  quite  passivelr 
performed  in  natural  breathing,  become  violently  muscular. 
At  last  nearly  all  the  miiacleH  in  the  Body  are  set  at  work; 
the  rhythmic  character  of  the  rosjiiratory  acts  is  lost,  and 
general  couviilsions  occur,  but,  on  the  whole,  the  contrac- 
tions of  the  expiratory  mnsclos  are  more  violent  than  tboso 
of  the  inspiratory.  Thus  undue  want  of  oxygen  at  first 
merely  brings  about  an  incrciised  activity  of  the  respiratorv 
centre,  and  especially  <tf  its  exi>iratory  division  which  is  not 
excited  iu  nornml  breathinfij.  Then  it  stimulates  other  por- 
tions (the  ronvuhire  centre)  of  the  medulla  oblongata  also, 
and  gives  rise  to  violent  and  irregular  muscular  spasmiL 
That  the  convulsions  arc  due  to  excitation  of  nerve-centjfs 
in  the  medulla  (and  not»  as  might  be  sup]>oscd,  to  poisoning 
of  the  muscles  by  the  extremely  venous  blood)  is  shown  by 
the  facts  (1)  that  tlieydonot  occnrin  the  trunk  of  an  animal 
when  the  spinal  cord  has  been  divided  in  the  neck  so  as  to 
cut  otf  the  niuficlcK  from  the  medulla;  and  (2)  tliutthey  elill 
occur  if  (the  spinal  cord  remaining  undivided)  all  the 
parts  of  the  brain  iu  front  of  tlic  medulla  have  been  re- 
moved. 

The  violent  excitation  of  the  nerve-centres  soon  exhausts 
them,  and  all  the  more  readily  since  their  oxygen  supply 
(which  they  like  all  other  tissues  need  in  order  to  continue 
their  activity)  is  cut  off.  The  convulsions  therefore  gradu- 
ally cease,  and  the  animal  liecoaies  calm  again,  save  for  an 
OGcafiional  act  of  breathing  when  the  oxygen  want  beeoxnes 
so  great  us  to  cause  ellicicnt  stimulation  even  of  the  dying 
respiratory  centre:  these  final  movements  are  inspira- 
tions and,  becoming  less  and  less  fre<^uent,  at  last  oeaie. 
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and  the  animal  apjioars  dcjid.  If,  however,  itri  chest  be 
opened  the  heart  will  be  found-gorged  with  extremely  dark 
Tenons  blood  aud  making  its  lui*l  few  slow  feeble  pnlsations. 
So  long  &s  it  beats  artiCcial  re:*[tii*ation  can  re»toi*e  the  ani- 
mal, but  once  the  heart  has  finally  8topj)ed  restoration  is 
impossible.  There  are  thus  three  distiiiguishablo  stages 
in  death  from  as]>hysia.  (1)  The  stage  of  dyspnoea.  (2) 
Thofe'tageof  convulsions.  (3)  Thestageof  exhaustion;  the 
convulsions  having  ceased  but  there  being  from  time  to 
time  an  inspiration.  The  end  of  the  thinl  stage  ocrcurs  in 
a  mammal  about  five  minutes  after  the  oxygen  supply  has 
been  totally  out  off.  If  the  asphyxia  be  due  to  deficiency, 
and  not  absolute  want,  of  oxygen  of  course  all  the  stages 
take  longer. 

Circulatory  Changes  in  Asphyxia.  During  death  by 
suffocation  characteristic  clmnges  occur  in  tho  working  of 
the  heart  and  blood-vessels.  Tho  heart  at  first  beats 
<juickcr,  but  very  soon,  before  the  end  of  the  dyspnoeic  stage, 
more  slowly,  though,  at  tirst,  more  powerfully.  This  slowing 
is  due  to  the  fact  that  the  unusual  want  of  oxygen  leads  to 
stimulation  of  the  cardio-inhibitory  centre  in  the  nicdulltt 
(p.  250)  and  this,  throngh  the  pneumogastric  nerves,  slows 
the  heart's  beat.  Soon,  however,  the  want  of  oxvgen  affects 
the  heart  itself  and  it  begins  to  beat  more  feebly,  and  also 
more  slowly,  from  exhaustion,  until  its  final  stoppage. 
During  the  second  and  third  stages  the  heart  and  the  vens 
cavflB  become  greatly  overfilled  with  blood,  because  the 
violent  muscular  contractions  facilitate  the  flow  of  blood 
to  the  heart,  while  its  beats  become  too  feeble  lo  send  it 
out  again.  The  overfilling  is  most  marked  on  the  right 
side  of  the  h[?art  which  receives  the  venous  blood  from  tho 
Body  generally. 

During  the  first  and  second  stages  of  asphyxia  arterial 
pressure  rises  in  a  marked  degree.  This  is  due  to  excitation 
of  the  vaso-motor  centre  (p.  254)  by  the  renous  blood,  and 
the  consequent  constriction  of  the  muscular  coats  of  the 
arteries  and  increase  of  the  [>eripheral  resistance.  In  the 
third  stage  the  blood-pressure  falls  very  rapidly,  because 
the  feebly  acting  heart  then  fails   to  keep   the  arteriea 


tense,  even  although  their  diminished  cahbre  greatly  slows 
the  rate  at  which  they  empty  themselves  into  tho  caplUa- 
ries. 

Anothcrmcdiillnrycontrpiindnly  excited  during asplivria 
13  tlmt  from  -vrhich  prooccd  tho  ner^c-fibrca  governing 
those  muscular  fibres  of  ihc  eye  which  enlarge  tho  pnpil. 
During  snffoc:ition,  Ihcreforc,  tlie  j>upils  become  widelv 
diluted.  At  the  sumo  time  ull  reflex  irritability  is  lost,  and 
toucliing  tlic  eyeball  causes  no  wink;  the  reflex  centres  all 
over  the  Body  being  rendered,  through  vrnni  of  oxygen,  in- 
cajKiblo  of  activity.  Tho  eamc  is  true  of  the  higher  ncrre- 
centrcB;  nnconsciousucsa  comes  on  during  the  couvulslvo 
stage,  which,  horrible  as  it  looks,  is  nnuttcndcd  with  Buffer- 
ing. 

Modlflod  RoBpiratory  Movements.     Sigh  in ff  is  a  dcc-p 
long-drawn  in?jpiration  followed  by  a  shorter  but  correspond- 
ingly large  expiration.     Yawning  is  similar,  bnt  the  air  is 
maiTdy  taken  in  by  tho  month  instead  of  the  nose,  and  tho 
lower  jaw  is  drawn  down  in  a  characteristic  manner.     Ifir- 
couffh  depends  upon  a  sudden  contraction  of  the  diaphragm, 
while  the  ajierturo  of  the  larynx  closes;   the  entering  air, 
drawn  through  tho  narrowing  opening,  caoBes  ihc  peculiar 
pound.     CiywjhiJig  cunsistij  of  a  full,  inspiiiition  followed  by 
a  violent  and  rapid  ovpiration,  during  tho  first  part  of  which 
the  laryngeal  opening  is  kept  closed;  being  afterwards  sud- 
denly opened,  the  air  issues  forth  Avith  a  ru.*h,  tending  to 
carry  out  with  it  anytliing  lodged  in  tlie  windpipe  or  larynx. 
Sneezing  is  much  like  conghing,  except  that,  Mhile  in  a 
eongh  the  isthmus  of  the  faucc3  is  held  open  and  the  air 
mainly  passes  out  through  the  mouth,  in  sneezing  tho 
fauces  are  closed  and   the  bla.*t  is  driven  through  tho 
nostrils.     It  is  comnu>nly  excited  by  irritation  of  the  nasal 
mucous  membrane,  but  in  many  persons  a  sudden  bright 
light  falling  into  the  eye  will  ])roduce  a  sneeze.     lAiughing 
oonsista  of  a  scries  of  short  expirations  following  a  single 
inspiration;    the  larynx  is  open  all  the  time,  aiul  the  vo(^l 
cords  (Chap.  XXX  V  I. )  are  set  in  vibration.    Cnjing  is,  phy- 
Biologically,  much  like  laughing  and,  as  we  all  know,  one 
often  passes  into  tho  other.     The  accompanying  contrao- 
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tions  of  the  face  muscles  giving  expression  to  the  connten- 
ancc  are,  however,  different  in  the  two. 

All  these  modified  respiratory  acts  arc  essentially  reflex, 
but,  with  the  exception  of  hiccough,  they  are  to  a  certain 
extent,  like  natural  breathing,  under  the  control  of  the 
will.  Most  of  them,  too,  can  be  imitated  more  or  less 
perfectly  by  voluntary  muscular  movements;  though  a 
good  stage  sneeze  or  cough  is  rare. 


CHAPTER  XXVII. 

THE  KIDNEYS  AND  SKIN, 

General  Arrangement  of  the  Urinary  Organs.      These 

consist  of  (I)  the  kidneys^  the  glands  which  secrete  the 
urine;  (2)  the  ureters  or  ducts  of  the  kidneys,  which  cany 
their  secretion  to  (3)  the  urinary  bladder,  a  reservoir  in 
which  it  accumulates  and  from  which  it  is  expelled  from 
time  to  time  through  (4)  an  exit  tuhe,  the  urethra.  The 
general  arrangement  of  these  i)arts,  as  seen  from  behind,  is 
shown  in  the  figure  o])posite.  The  kidneys,  J?,  lie  in  the 
dorsal  part  of  the  himbar  region  of  the  abdominal  caTity, 
one  on  each  side  of  the  middle  line.  Each  is  a  solid  mass, 
with  a  convex  outer  and  a  concave  inner  border,  and  its 
upper  end  a  little  larger  than  the  lower.  From  the 
abdominal  aorta,  A,  a  renal  artery,  Ar,  enters  the  inner 
border  of  each  kidney,  to  break  up  within  it  into  finer 
branches,  ultimately  ending  in  capillaries.  The  blood  is 
collected  from  these  into  the  renal  t'eina,  Vr,  one  of  which 
leaves  each  kidney  and  opens  into  the  inferior  vena  cava, 
Vc.  From  the  concave  border  of  each  kidney  proceeds 
also  the  ureter,  U,  a  slender  tube  from  28  to  34  cm.  (11  to 
13.5  inches)  long,  opening  below  into  the  bladder,  Vv,  on 
its  dorsal  aspect,  and  near  its  lower  end.  From  the 
bladder  proceeds  the  urethra,  at  Ua.  The  channel  of  each 
ureter  passes  very  obliquely  through  the  wall  of  the 
bladder  to  open  into  it;  accordingly  if  the  pressure  inside 
the  latter  organ  rises  above  that  of  the  liquid  in  the  ureter, 
the  walls  of  the  oblique  passage  are  pressed  together  and 
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TiQ.  114. —The  i*nnl  orennii,  vIowihI  from  b«*hlnd.  R,  lii^ht  kl(!n«^T;  A,  ftortA; 
Ar,  rlffhc  renal  artory ;  Vc,  inferior  vena  cava;  \'r,  right  reoal  velii;  V,  ri^hi 
ureter;  Tu,  bladder;  C'a,coniiQeaceaieolo(  urethra. 
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it  is  closed.  TJsuiilly  the  bla<i(ler,  which  has  n  thicli  co«1 
of  uustriped  muscuUir  tissue  lined  by  a  mucous  mcmbrruie, 
is  rcliixed,  and  tbo  urine  flows  reudily  into  it  from  the 
ureters.  The  commencement  of  the  urethm  being  kept 
closed  by  elastic  tissue  around  it  (which  cun  voluntarilr  bo 
reinforced  by  muscles  which  compress  the  tube)  the  uriuc 
accumulates  in  the  bladder.  Wlien  this  latter  contracts  and 
presses  on  its  contents,  tho  ureters  are  closed  in  tlio  wav 
ubovo  indicated,  the  clastic  fibres  closing  the  urethral  exit 
from  the  bladder  are  overcome,  and  the  liquid  forced 
out. 

Naked  Eye  Structure  of  the  Kidneys.  These  organs 
]i;ive  eitornally  a  red-brown  color,  which  can  be  seen 
through  tho  transparent  capsule  oi  peritoneum  which  en- 
velops them.  When  a  section  is  carried  through  a  kidney 
from  its  outer  to  its  inner  border  (Fig,  116)  it  is  seen  that 
a  deep  fissure*  tho  kilus,  leads  into  the  latter.  In  the/nVfiji 
the  ureter  widens  out  to  larm  the  pehns,  ■which  breaks  up 
again  intoanuml>orof  pmnller  divisions,  the  cups  or  cahc€4* 
Tho  cut  surface  of  the  kidney  proper  is  seen  to  consist  of 
two  distinct  parts;  an  outer  or  cortical  portion^  and  an 
inner  or  rneduUanj.  Tlie  medullary  portion  is  less  I'od  and 
more  glistening  to  the  eye,  is  finely  striated  in  a  radial 
direction,  and  docs  not  consist  of  one  coutinuouB  mass  but 
of  a  number  of  conical  portions,  the  ptiramids  of  Malpighi^ 
2',  each  of  which  is  sepaiatcd  from  its  neighbors  by  an  in- 
ward prolongation,*,  of  the  cortical  substance.  This,  how- 
ever, docs  not  reach  to  the  inner  end  of  tho  p^Tamid, 
which  projects,  as  the  papilla^  into  a  calyx  of  the  ureter. 
At  its  outer  end  each  pyramid  scpnrates  into  smaller  por- 
tions, the  pi/ramids  of  Ferrein,  2',  separated  by  thin  layers 
of  cortex  and  gradually  spreading  everywhere  into  tho  lat- 
ter. Tiic  corticid  substance  is  redder  and  more  granular 
lookingand  less  shiny  than  the  medullary,  and  forms  c\Try- 
whcre  the  outer  liiyer  of  the  organ  nest  its  capsule,  besides 
dipping  in  between  the  ]iyramids  iu  the  way  descril>ed. 

Tlio  renal  artery  divides  in  the  hilus  into  branches  (6) 
which  run  into  tho  kidney  between  the  ]\vmnuds,  giving  off 
a  few  twigs  to  the  latter  and  ending  finally  in  a  much 
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richer  rascnlar  network  in  tho  cortex.      TLo  branches  of 
the  ron.ll  vein  have  a  fiimilar  conrse. 
Tho  Minuto  Structure  of  the  Kidney.     The  kidneja 

arc  com|)ouDd    tubular   glands,   composed  esfientiallj  of 


rto.  J15  — Seclioa  throiu(b  tho  ri«ht  kldn^v  ^n*m  (t«-outer  to  lU  Inner  bordrr 
1,  cortex;  3.  mpfttilln;  'J.  pyramid  of  MalpiKli);  3*,  pyramid  of  Kcrrrln;  5.  »niall 
brmoctaes  of  itie  rrnol  aitery  fntertn^betwtf  a  th«  pymmids;  ^1.  a  branch  of  the 
nnal  artery:  C,  the  pclvUof  the  kklner:  l^.  urel«r;  C,  a  calyx. 

branched  niierosor>|iic  uriniferous  tubuhsy  lined  by  epithe- 
lium. Each  tubule  commences  at  a  small  opening  on  a 
papilla  and  from  thence  ha?  a  very  complex  course  to  it« 
other  extremity.  Usually  about  twenty  open,  side  by  side, 
on  one  papilla.     There   they  have  a  diameter  of  about 


0.125  mm.  (yj^  inch).  Running  into  the  prramid  from 
this  i)oint  each  tubule  divides  several  times.  At  first  the 
hranchcs  are  smaller  than  the  main  tube;  but  as  soon  as 
they  have  come  down  to  about  0.04  mm,  (^Jj  ii»oli)  this 
diminution  in  Bizo  ceases,  and  the  division  continuing-, 
while  the  tubules  retain  the  same  diameter,  the  pyramid 
thus  gets,  ill  part,  its  conical  form.  Ultimately  each  bmuch 
runs  sonu'wherc  out  of  the  pyramid,  either  fi'om  its  buse  or 
side,  into  the  cortex  and  there  dilates  and  is  twisted.  It 
then  narrows  and  doubles  back  again  into  the  pyramid  and 
rtmsaaa  straighttubo  towards  the  papilla,  but  before  reach- 
ing it  makes  a  loop,  and  tnrns  back  again  as  a  straight  tube 
to  the  base  of  the  i>yramid,  where  it  once  more  enters  the 
cortex,  dilates  and  becomes  contorted,  and  then  ends  in 
a  spherical  capsule,  containing  a  tuft  of  small  blood-vesaeK 
Or,  followed  the  other  way,  each  tubule  commences  in  the 
cortex  with  a  globular  dilatation,  the  Malpighian  cap»ule. 
From  this  it  continues  as  a  convoluted  tubule  in  the 
cortex;  this  passes  into  a  ])vramid,  becomes  straight,  and 
runs  on  as  the  descending  limb  of  a  loop  of  HenU.  Turn- 
ing at  the  loop,  it  continues  as  its  ascending  limb,  and  this 
passes  out  again  into  the  cortex  and  becomes  the  convoluted 
junrtional  tubule,  whicli  passes  as  a  straight  colleifing 
iubule  into  tho  pyramid  and  there  joins  others  to  form  an 
excrefory  tubule  which  opens  on  the  papilla.  Throughout 
its  course  the  tubulo  ia  lined  by  a  single  layer  of  epithelium 
cells  differing  in  character  in  its  different  sections.  All  the 
tubes  arc  bound  together  by  connective  tissue  and  blood- 
vessels to  form  the  gland. 

The  Blood-Flow  through  the  Slidney.  The  final  twigs 
of  tho  renal  artery  in  the  cortex,  giving  off  a  few  branches 
•which  end  in  a  capillary  network  around  the  convoluted 
tubules,  are  continued  as  tl»e  afferent  vessels  of  Malpi- 
ghian  capsules, the  walls  of  which  are  doubled  in  before  them 
(Fig.  116);  there  c^ich  breaks  up  into  a  little  knot  of 
capillary  vessels  called  the  glomerulus,  from  which  ulti- 
mately an  efferent  vessel  proceeds,  and  outride  the  capsule 
tliis  breaks  up  into  a  close  capillary  network  among  the  €^n- 
voluted  tubes.     From  the  CAjnllariee  the  blood  is  colldCt«d 
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into  the  renal  vein.  Most  of  the  blood  flowing  through  the 
kidney  thus  goes  through  two  sets  of  capillaries;  one  in  the 
capsules,  and  a  second  formed 
bj  the  breaking  up  of  the 
efferent  vein  of  the  latter. 
The  capillary  network  in  the 
pyramids  is  much  less  close 
than  that  in  the  cortex,  which 
gives  reason  to  suspect  that 
most  of  the  secretory  work  of 
the  kidneys  is  done  in  the  cap- 
sules and  conroluted  tubules. 
The  pyramidal  blood  flows 
only  through  one  set  of  capil- 
laries, there  being  no  glome- 
ruli iu  the  kidney  medulla. 

The  Henal  Seoretion.  Tlio 
amount  of  this  caiTicd  off 
from  the  Body  in  24  hours  is 
subjeot  to  considerable  varia- 
tion, being  especially  dimin- 
ished by  anything  whicli  pro- 
motes perspiration,  and  increased  by  conditions,  as  cold  to 
the  surface,  which  diminish  the  skin  excretion.  Its  nvorago 
daily  quantity  varies  from  1*200  to  1750  cuh.  cent.  (40 
to  60  fluid  ounces).  The  urine  is  a  clear  amber-colored 
h'quid,  of  a  slightly  acid  reaction;  its  spcciHc  gravity  i« 
about  1040,  being  higher  when  the  total  <|uantity  excreted 
is  small  than  when  it  is  greater,  since  the  amount  of  solids 
dissolved  in  it  remains  nearly  the  same  in  licalth;  the 
changes  in  its  bulk  being  dependent  mainly  on  changes 
in  the  amount  of  water  separated  from  the  blood  by  the 
kidneys. 

Normal  urine  consists,  in  1000  partp,  of  about  900  water 
and  40  solids.  The  latter  are  mainly  crystalline  nitro- 
genous bodies  {urea  and  uric  ticid),  but  small  quantities  cf 
pigments  ami  of  non-nitrogenous  organic  bodies  are  also 
present,  and  a  considerable  quantity  of  mineral  suits.  The 
following  table  gives  approximately,  in  the  first  colnmn,  the 


Fio.  llft.'The  tmnlnaUon  of  « 
uriniremiu*  tubitlp,  with  its  elompni- 
Itis  a.tlieK'^JnifruhiHorMfiliihiKhlAn 
corpuw'l**;  6,  ihe  rntiTMline'J  endinic 
of  the  tuhiilc-.d.  lUliningf'pitheUunii 
/.  the  afferent  blcMxt  veflwl  of  Uia 
fflomenilus:  g,  the  efferent  vemel ;  c, 
A.tlie  blond  vewels  forming  the  tuft 
lathegloinenilua. 
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average  composition  of  the  tirine  excreted  in  twcntT-fonr 
Jiours  expressed  in  grams;  in  the  second  column  the  same 
expressed  in  gi-ains.  Tlio  third  column  gives  the  composi- 
tion of  1000  pui-ts  of  urine. 


Urine  fa  SI  houn. 

isoograsu. 

».3S0Knlng. 

la  lOOOpAZtL 

Water 

Solids 

1428.00 
72.00 

22.134.00 
3116.00 

952  00 

4a  00 

Tlie  solids  conwsis  of— 

rTva(CN,H,0) 

Uric  acid  (UiH*N«0,). 

Hippuric  acid. 

Kr^fadnin 

Pitfinenls  and  faU. . . , 

Sulphnrio  acid 

Piiosphoric  acid 

Clilorinc 

Aiiunonia 

potassium 

Sodium 

Calciutii 

Magnesium 


33.00 
0.50 
0.40 
1.00 

10.00 
8.00 
8.00 
7.00 
0.75 
2.&0 

11.00 
0.25 

oso 


511.50 

7.75 

6.20 

13.50 

155.00 

Bl.OO 

40.50 

108.50 

12.00 

38.75 

170.50 

S.80 

3.00 


71.00 


nio.oo 


22.00 
0.33 
027 

10.38 
6.66 
1.33 
2.00 
4.70 
0.50 
1.70 
7..33 
0.16 
0.13 
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The  urine,  however,  even  in  health  is  subject:  to  consid- 
erable variation  in  composition;  not  only  as  regards  the 
amount  of  water  in  it,  but  also  in  its  solid  constituent*; 
the  latter  are  especially  modilied  by  the  quantity  and  nature 
of  the  food  taken. 

100  volumes  of  urine  contain  in  solution  about  14  toI- 
umcs  of  gas,  consisting  of  about  1.3  of  carbon  dioxide,  I 
of  nitrogen,  and  more  traces  of  oxygen. 

Mechanism  of  the  Benal  Secretion.  The  kidneys,  a# 
secreting  organs,  consistof  nvodi.stirK't]tJirtf;:  (1)  the  glome- 
ruli thnuigh  which  a  filtration  of  water,  probably  with  ealtd 
in  solution,  takes  place;  and  (2)  an  actively  secretory  appa- 
ratus, formed  by  all  parts  of  the  uriniferous  tubules  Ivtwoen 
their  terminal  capsules  and  the  collecting  tubes.  Accord- 
ingly, we  find  in  the  urine  bodies,  as  water  and  common  salt, 
which  already  exist  in  the  blood  and  can  be  removed  from  it 
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merely  by  dialysis  or  filtration:  and  others  (the  specific  ele- 
ments of  the  secretion),  especially  urea,  wliich  are  selected 
or  made  by  a  special  activity  of  the  renal  gland-cclls.  The 
total  quantity  of  the  twrcntv-four  hours*  urine  thus  depends 
largely  on  the  pressure  in  the  renal  arteries,  since  the 
higher  this  is  the  greater  will  the  amount  of  filtered  liquid 
be.  Under  ordinary  pressures  such  substunces  u^  albumen 
will  not  filter,  but  they  do  under  higlier;  accordingly  in 
healthy  conditions  none  of  the  albumen  of  the  blood  plasma 
passes  into  the  urine,  but  if  the  pressure  in  the  capillaries  of 
the  glomeruli  is  considerably  raised  it  docs;  ita  presence  in 
the  urine  l>eing  the  most  prominent  symptom  of  that  danger- 
ous class  of  maladies  grouped  together  under  the  name  of 
Bright's  diseatte.  Filtration  in  the  glomeruli  is  largely  pro- 
moted by  the  fact  that  the  calibre  of  the  efferent  vessel  of  each 
isi-ather  less  than  that  of  the  afferent;  and  thus  the  pressure 
m  the  thin-wulled  vessels  of  the  vascular  tuft  is  raised. 

The  B6le  of  the  Benal  Epithelium.  Water  and  salines 
being  passed  out  mainly  through  the  glomeruli,  we  have 
now  to  consider  what  part  the  fiecrcting  cells  of  the  kidney 
play;  and  especially  as  regards  urea,  the  most  important 
constituent  of  the  urine.  Urea  represents  the  final  state 
in  which  the  proteids  taken  into  the  Body  from  the  alimen- 
tary canal  (or  at  least  their  nitrogen)  ieavo,  after  having 
yielded  up,  by  chemical  changes,  a  certain  amount  of  energy. 
In  this  process  the  proteids  are  oxidized  and  broken  down 
into  carbon  dioxide  and  water  and  urea;  and  the  kidneys 
get  rid  of  the  latter. 

Since  the  life  and  activity  of  every  tissue  is  accompanied 
by  a  breaking  down  of  proteids  (though  not  necessarily  at 
once  into  urea,  as  many  intermediate  stages  may,  and  doubt- 
less do,  occur  in  different  tissues),  there  is  no  doubt  that  the 
main  chemical  degradation  of  albuminous comix)unds  takes 
place  outside  the  kidneys.  Wlietlier  the  final  steps  by 
which  urea  is  formed  occur  in  thttse  organs  or  elsewhero  i* 
not  yet  certainly  known.  According  to  one  view  the  ui-ea  is 
carried  to  the  kidney  in  the  bluod  of  tlie  renal  artery,  and 
,there  merely  picked  up  and  passed  on  by  the  excreting  cells: 
while,  according   to    another,    not   urea,   but   the   pennl- 
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timate  pr^dncts  of  proteid  degradation  from  which  n 
is  made,  are  carried  to  the  kidnoja,  and  the  final  formati 
of  urea  occurs  in  these  organs.  The  results  of  blood  ana) 
sis  arc  conflicting,  but  on  the  whole  it  seems  proved  th 
more  urea  exists  in  renal-artery  blood  than  in  reual-ve 
blood,  which  indicates  that  urea  is  not  made  in  the  kidne 
In  dcHth,  too,  from  suppression  of  tho  renal  secretion, u 
is  found  to  accumulate  in  the  blood  which  would  not  be  t 
caae  unless  it  wore  normally  formed  elsewhere  and 
ried  off  by  the  kidneys.  The  whole  urea  question,  whi 
is  one  of  great  importance,  will  be  more  fully  considered 
Chapter  XXVIII. ,  in  connection  with  the  chemistry 
nutrition  in  general. 

The  Skin*  which  covers  the  whole  e.tterior  6f  the  Bodj-j 
ftOnsistaevcrywhercoftwodistinct  layers;  an  outer,  th^cuti 
or  cpidennitii,  and  a  deeper,  the  dernm,  cutiff  vera,  or  coriu 
A  blister  is  due  to  tho  accumulation  of  liquid  between  the 
two  layers.     The  hairs  and  nails  are  excessiToly  deveJo 
parts  of  the  epidermis. 

The  Epidermis,  Fig.  117,  consists  Of  cells,  arranged  in 
mnny  layers,  and  united  by  a  small  amount  of  cementin 
substiince.  Tho  deepest  layer,  rf,  is  composed  of  elongated 
or  columnar  colls,  set  on  witli  their  long  axes  perj^endicular 
to  tho  corium  beneath.  To  it  succeed  several  strata  of 
roundish  cells,  b,  which  in  the  outer  layers  l)CCome  more 
&nd  more  flattened  in  a  plane  parallel  to  the  surface.  Tho 
outermost  ojiidermic  stratum  is  composed  of  many  layers  of 
extremely  flattened  cells  frwm  vvhicli  the  nuclei  (conspicu-' 
ous  in  the  deeper  hiyora)  have  diwipprared.  These  super- 
ficial cells  arc  dead  and  aro  constantly  being  shed  from  the 
surface  of  the  Body,  while  their  place  is  taken  by  new  cells^ 
formed  in  the  deeper  layers,  and  pushed  up  to  the  surface 
and  ilattened  in  their  progress.  Tho  change  in  the  form 
6f  the  cells  as  they  travel  outwards  is  accompanied  b 
chemical  changes,  and  they  finally  constitute  a  semitrans 
parent  dry  hornif  stratum,  a,  distinct  from  the  deeper,  mo 
Opaque  and  softer  Malpighian  or  mucou,f  hnjer,  b  and 
rf,  of  the  epidermis.  Tlae  cells  of  this  latter  are  soluble  i 
acetic  aisid;  those  of  the  horny  stratum,  n^t 
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The  rolls  of  mnterial  which  are  peeled  off  the  skin  in  the 
*'  shampooing'  of  the  Turkish  h»th.  or  by  nibbing  with  a 
rough  towel  after  an  ordinary  warm  hiith.  are  the  dead 
outer  scales  of  the  horny  stratum  of  the  epidermis. 


V^^-^^ 


rio.  117— A  Motion  thrCKurh  the  ftplA^ntaM,  fwrnAwhAt dlA«T*mniatie.  hlphl^ 
ma^irted.    Below  ia  eeea  a  papilla  of  the  dartnis.  with  ttsAitet7./.  »nd  refnn, 

&g;  a,  the  horny  layer  of  tne  epiflermiK;  ft.  thf*  refe  mwvMum  or  MnlplKliiiin 
Ljrer;  d,  tho  layer  of  oolumaar  epidermic  cells  In  immediate  contact  with  tha 
dOinLs;  h,  tha  dactof  a  sweat-glaiid. 


In  dark  races  the  color  of  the  skin  depends  mainly  on 
mmxitQ  pigment  granuUs  lying  in  the  deeper  cells  of  th* 
Malpighian  Uy^x. 
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No  blood-Tcsscls  or  lymphatics  enter  the  epidermis, 
is  entii*e]j  nourished  by  matters  derived  from  the  sabjj 
corium.      Fine  nervc-Jibros  run  into  it  and  end    tl 
among  tho  cells,  in  various  ways. 

The  Corium,  Cutis  Vera,  or  True  Skin,  Fig.  118,  con- 
sists fundiimeuLally  of  a  close  foltwork  of  elastic  and  white 
fibrous  tissue,  which,  becoming  wider  meshed  below,  pa5s<s 
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no.  118.— A wction through thpakiD and fiubcuULneouattreol&rtfaeae.  a^tkonj 
nmtum.  and  h,  Malplghtan  layer  of  Uie  epMennls:  c,  dermis,  paaitoK  below 
tntn,  d.  I(x>fie  iLrefilur  ibisue.  with  fat,  /.  iu  rt»  inesbM:  al>ovc.  iJennic  pspilte  Ar« 
•w*f>n.  prnjei'iinf;  into  (hi*  epidermis  which  Is  moulded  on  Utem.  <,  opening  of  • 
sirea(  glanil :  h.  duct  of  ditto;  g,  the  gliLnd  itaelf. 

gi'adually  into  the  subcutaneous  areolar  iissue  (p.  11 
which  attaches  tho  skin  loosely  to  parts  beneath, 
•tannirvg  it  is  the  rnfis  vera  which  is  turned  into  leather, 
white  fibiTiua  tissue  foi-ming  nn  insoluble  and  tonj^h  coi 
pound  witl)  the  tannin  of  the  oak-burk  emjiltn-ed.  Where' 
there  are  hairs,  bundles  of  plain  muscular  tissue  are  fou] 
in  the  corium;  it  contains  aUo  a  close  capillary  netirol 
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and  numerous  Irmphatics  and  norres.  In  shaving,  60 
long  as  the  nizor  keeps  in  the  epidermia  there  is  no  bleed- 
ing; but  a  deeper  cut  shows  at  ouce  the  vascularity  of  the 
;true  skin. 

.  The  outer  surface  of  the  corinm  is  almost  evenrwhero 
raised  into  minute  elevations,  called  the  papiUa^  on  which 
the  epidermis  is  moulded,  so  that  its  deep  side  presents  pits 
corresi>oiitlin;^to  the  projections  of  the  dermis.  In  Fig.  117 
is  a  papilla  of  xhecorium  conUuning  a  knot  of  blood-vessels, 
supplied  bv  the  small  artery,  /,  and  having  the  blood  carried 
off  from  I  hem  by  the  two  little  veins,  g  (j.  Other  papillae 
contain  no  capilUry  loops  but  special  organs  connected 
with  nerve-fibres,  and  supposed  to  be  concerned  in  tlie  sens© 
of  touch.  On  the  palmar  surfjice  of  the  hand  the  dermic 
papillae  are  especially  well  develo]>ed  (as  they  are  in  most 
parts  where  the  sense  of  touch  13  acute)  and  are  frcqueutly 
t'ompoHJid  or  branched  at  the  up,  On  the  front  of  the 
hand,  thoy  are  arranged  m  rows;  the  epidermis  fills  up  the 
hollows  between  the  papilla*  of  the  same  row,  but  dips  down 
between  adjacent  rows,  and  tims  are  produced  the  epidermic 
ridges  seen  on  the  palms.  In  many  pluces  the  corium  is 
furrowed,  as  opj>osite  the  fingcr-jomts  and  on  the  palm. 
Elsewhere  such  furrows  are  commonly  less  marked,  but 
they  exist  over  tlie  whole  skin.  The  epidermis  closely 
follows  all  the  liollows.  and  thus  they  are  made  visible  from 
the  surface.  The  wrinkles  of  old  persous  are  due  to  the 
absorption  of  subcutaneous  fat  and  of  other  soft  parts 
beneath  the  tkin.  which,  not  shrinking  itself  at  the  same 
rate,  becomes  thrown  into  folrls. 

Hairs.  Each  hair  is  a  long  filament  of  epidermis  devel- 
oped ou  the  top  of  a  sjiecial  dermic  papilla,  seated  at  the 
bottom  of  a  depression  reaching  down  from  the  skin  into  the 
tissue  beneath  and  called  the  hair  follicle.  The  portion  of 
m  hair  buried  in  the  skin  is  called  its  root;  this  is  succeeded 
by  a  */ffm  which,  in  an  uncut  hair,  tapers  off  to  apouii.  The 
stem  IS  covered  by  u  siii*<le  laycT  of  overlapping  scales  form- 
ing the  haij-  ruln-le;  the  iirojccting  edges  of  these  scales 
are  directed  cowards  the  top  of  the  hair.  Beneath  the  hair 
^ticle  comes  the  cortex,  made  up  of  greatly  elongated  cella 
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nnited  to  form  fibres;  and  in  the  centre  of  the  shaft  th 
18  found,  in  many  hairs,  a  meduRa,  made  up  of  nioro  or  I 
rounded  cells.     The  color  of  hair  is  mainly  dopemient  u 
pigment  granules  lying  between  the  fibres  of  the  corte 
All  hairs  contain  some  air  cavities,  especially  in  the  mednll 
They  are  very  abundant  in  white  hairs  and  cttUfie  the  whi 
ncss  by  rcllecting  all  the  nicidciit  light,  just  as  a  liquid  bent 
mto  fine  fuum  louka  wiute  because  of  the  light  reflect 
from  the  walla  of  all  the  little  air  cavities  in  it.     In 
hairs  the  air  cavitioa  are  few. 

'Hie  hair  follicle  (Fig.  lU))  is  a  narrow  pit  of  the  donniv 
projecting  down  into  the  subcutaneous  areolar  tissue,  and 
lined  by  an  involution  of  the  epidermis.  At  the  bottom  of  the 

follicle  is  a  papilla  and  the 
epidermis,  turning  up  over 
this,  bi*C(>mes    contiuuouf 
with    the    hair.      On  t 
papilla     epidermic    col 
multiply  rapidly  80  long 
the  hair   is  growing,  and 
the  whole    hair    is  #ther» 
made  up  of  i^oundish  colU. 
As  these  got  pushed  up  bj 
fresh  ones  formed  beneath 
them,  the  outermost  layier 
become  tlattoued  and  form 
the  hair  cuticle;  several  succeeding  layers  elongate  and 
form  the  cortex;  while,  in  hairs  with  a  medulla,  the  middle 
cells  retain   pretty   much   their   original   form   and   size.^ 
Pulled  apart  by  the  elongating  cortical  cells,  theso  centralfl 
ones  then  form  the  raodulla  with   its  air  cavities.      The 
innermost  layer  of  the  epidermis,  lining  the  follicle,  has  iti 
cells   projecting,    with   overlapping    edges    turned    down- 
wards.     Accordingly   these    interlock   with    the    upward  ^ 
directed  edges  of  the  cells  of  the  hair  cuticle;  consequentlTfl 
when  a  hair  is  pulled  out  the  epidermic  limn;?  of  the  folliclr 
iR  usually  brought  with  it.     So  long  a*;  the  dermic  f»apilla 
is  left  intact  a  new  hair  will  be  formed,  but  not  otbi 
Slender  bundles  of  unstripcd  musclo  (o  Fig.  119)  ma 


Fio.  111.— Parts  of  two  haini  tnitM>d(liHl 
In  thrlrfollii'lcn.  a.  thtskln.  whirli  h  seen 
tn  flip  down  and  litio  the  folliWo:  6.  the 
auhcutatieoiis  tissue :  r,  the  ]nuKul(>H  of  tho 
batr  follici**.  which  by  their  contraction 
cMD  erect  tiie  bAlr. 
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tlie  dermis  to  the  side  of  the  hair  follicles.     The  latter  are 

obliquclv  imphintnd  in  the  skin  so  that  tlio  hairs  lie  down 
on  tl»e  surface  of  the  Body,  and  the  muscles  arc  so  fixed  that, 
when  they  shorten,  they  erect  the  hair  and  cause  it  to 
bristle,  us  may  Ikj  seen  in  an  angry  cat,  or  sometimes  in  a 
greatly  terrified  man.  Opening  into  eacli  hair  follicle  are 
;isually  a  coujilc  of  sebaceous  glands  (p.  418).  Ilairs  are 
found  ou  all  regions  of  the  skin  except  the  palms  of  the 
hands  and  the  soles  of  the  feet;  the  back  of  the  last  phalanx 
of  the  fingers  and  toes,  the  upper  eyelids,  and  one  or  two 
other  regions. 

Nails.  Eiu'h  nail  is  a  part  of  the  epidermis,  with  its  horny 
stratum  greatly  developed.  The  baclc  part  of  the  nail  fits 
behind  into  a  furrow  of  the  dermis  and  is  called  its  roof. 
The  visible  part  consists  of  a  bodj/,  fixed  to  the  dermis 
beneath  (wliich  forms  the  bed  of  the  nail),  and  of  &free  tdge* 
Near  the  root  is  a  little  area  whiter  than  the  rest  of  the 
nuil  and  called  tlie  lunula.  The  whiteness  is  duo  in  part 
to  the  nail  being  really  more  opa<|ne  there  and  partly  to  the 
fact  that  its  bed,  which  seen  through  the  nail  causes  its 
pink  color,  is  in  this  region  less  vascular. 

The  portion  of  the  corium  on  which  the  nail  is  formed 
is  called  its  mafrix.  Behind,  this  forms  a  furrow  lodging 
the  root,  and  it  is  by  new  cells  added  on  there  that  tlic  nail 
grows  in  length.  The  parti^f  the  matrix  lying  beneath  the 
body  of  the  nail,  and  called  its  bed,  is  highly  vascular  and 
raised  up  into  papilla*  whicli,  except  in  the  region  of  the 
lunula^  arc  arranged  iu  longitudinal  rows,  slightly  diverging 
08  tliey  run  towaixia  the  tij)  of  the  finger  or  toe.  It  is  by 
new  cells  ffjrmcd  on  its  bed  and  added  to  its  under  surface 
that  the  nail  grows  in  thickness,  as  it  is  pushed  forward  by 
the  new  growth  in  length  at  its  root.  The  free  end  of  a 
nuil  is  thei^efore  its  thickest  part.  If  a  nail  is  "  cast**  in 
consequence  of  an  injury,  or  torn  off,  a  new  one  is  produced, 
provided  tlic  matrix  ij^  left. 

The  Olands  of  the  Skin  are  of  two  kinds,  the  sudori- 
parous or  sweat  (jlandsy  and  the  sebaceous  or  oil  glands. 
The  former  belong  to  the  tubular,  the  hitter  to  the  race- 
mose type.      The  sweat-glands.  Fig.  I'^O,  lie  iu  th«  subcu- 


418 


THR  nrjMAX  BODY. 


tAneous  tissue,  whore  thoy  form  little  globular  masses 
posed  of  a  coiled  tube.     From  the  coil  a  dact  (sotnetii 
double)  leads  to  Iho  surface, 
usually  spirally  coiled    as   it 
through  the  epidermis.     The  secret- 
ing part  of  the  gland  consifits  of  u 
connectivc-tiesnc  tube,  conti  n  uoue 
along    the    duet    with    the    derml^H 
within  this  is  a  basement  raembraJH 
and  the  fii:al  secretory  lining  consists 
of  several  layers  of  gland-cells.     ^J 
close   capillary   network  intertwin^^ 
with  the  coils  of  the  gland.     Sweat-    ' 
glands  are  found  on  all  regions  of  the 
tjkin,  but  more  closely  set  in    some 
phiccs,  as  the  palms  of  the  hands  and 
the  brow,  than  elsewhere.     There  are 
altogetherabouttw^oimd  a  half  millions 
of  them  opening  on  the  sui-face  of 
Body. 

The  sehticeous  glands  nearly  alwaj 
open  into  hair  follicles,  and  are  fouD^ 
wherever  there  are  hairs.      Each  co] 
sists  of  a  duct  opening  near  flic  niouth  of  a  liuir  follicle  am 
branchingat  its  other  eiiti:  tho  Ini.-d  l^runchoij  lead  in  to  globu- 
lar secreting  saccules,  which,  like  the  ducLs,  are  lined  wil 
epithelium.      In   tlic  gaccnh^'?  the  substance  of  the  cell 
becomes  cliargcd  with  oil-d  rops,  the  protoplasm  disapiicuring; 
and  JinuUytlie  whulDcellfidl:?  to  pieces,  its  detritus  constitut- 
ing the  secretion.    New  cells  are,  meanwhile,  formed  to  tal 
tlio  place  of  tliose  destroyed.     Usually  two  glands  are  coi 
nected  with  each  hair  follicle,  but  there  may  l)c  Ihrco 
only  one.      A  pair  of  Kclmeeous  glands  arc  rcijrcscnted  on 
the  sides  of  cuch  of  the  hair  follicles  in  Fig.  IT.). 

The  Skin  Secretions.     The  skin  besides  forming  a  pro^^ 
tcctivo    covering    and    scn'ing   as  a   scnsc-orgjui    (Cha]i|^| 
XXXIV.)  also  plays  an  inii»ortaut  part  in  regulating  the 
temperature  of  the  Body,  and,  as  an   excretory  organ,  iu 
cai'rying  off  certain  waste  products  from  it. 
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The  S'ivcat  poured  oat  by  the  eailoriparous  glands  is  a 
transparent  colorless  liquid,  with  a  pccnliar  odor,  rarying 
in  different  races,  and  in  the  same  individnul  in  different 
regions  of  the  Body.  Its  quantity  in  twenty-fonr  hours  is 
snbject  to  great  vai'iations,  but  usually  lies  between  700  and 
2000  grams  (10,850  and  31.000  grains).  The  amount  is  in- 
fluenced mainly  by  the  surrounding  temperature,  being 
greater  when  this  is  high;  but  it  is  also  increased  by  other 
things  tending  to  raise  the  tcmiKrature  of  the  Body,  as 
muscular  exercise.  Tho  sweat  may  or  may  not  evaporate 
as  fast  as  it  is  8ccrctcd;  In  the  former  ease  it  is  known  as 
inseimblCf  in  tho  latter  as  sensibh  perspiiafion.  By  far 
the  most  passes  off  in  the  iuscngihic  form,  drops  of  sweat 
only  aocumulating when  the  sfcretion  is  very  profuse,  or  the 
snrrounding  atmosphere  so  humid  that  it  docs  not  readily 
ta^ce  up  more  moisture.  The  jKrspiratton  is  acid,  and  in 
1000  parts  contains  900  of  water  to  10  of  solids.  Among 
tlie  latter  are  found  ure^  (1.5  in  1000),  fatty  acids,  sodium 
chloride,  and  otlier  salts.  In  diseased  conditions  of  the 
kidneys  the  urea  may  be  greatly  increased,  the  skin  supple- 
menting to  a  certain  extent  deficiencies  of  those  organs. 

The  Norvoua  and  Circulatory  Factors  in  tho  Sweat 
Secretion.  It  u^cd  to  be  believed  that  an  increased  How  k'I 
blood  through  the  skin  would  sufiiec  of  itself  to  cause  in- 
creased perspiration;  but  against  this  riew  are  the  facts 
that,  in  terror  for  example,  tlicre  may  be  profuse  sweating 
with  a  cold  pallid  skin;  and  that  in  many  febrile  states  the 
skin  may  be  hot  and  its  vessels  full  of  blood,  and  yet  there 
may  be  no  sweating. 

Recent  experiments  show  that  tho  secretoi-y  activity  of 
the  sweat-glands  is  under  the  direct  control  of  nerve-fibres, 
and  is  only  indirectly  dependent  on  tho  blood-supply  in 
their  neighborhood.  Stimulating  the  sciatic  nerve  of  the 
freshly  amputated  leg  of  a  cat  will  cause  the  balls  of  its 
feet  to  sweat,  although  there  is  no  blood  flowing  tlirough 
tho  limb.  On  the  other  hand,  if  the  sciatic  nerve  be  cut, 
so  as  to  paralyzo  it,  in  a  living  animal,  the  skin  arteries  di- 
late and  the  foot  gets  moi-e  blood  and  becomes  warmer; 
but  it  docs  not  sweat.     The  swcat-Jihres  originate  in  certain 
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nweat'Centres  in  the  spinal  cord,  which  may  either  be 
ix'ctly  excited  by  blood  of  a  higher  temperature  thau  usiwl 
flowing  through  theni  or.  reflcxly,  by  warmth  acting  on  the 
exterior  of  tlic  Body  and  stimulating  the  sensory  m 
there.  Both  of  these  agencies  commonly  also  excite 
voso-dilator  nerves  of  the  sweating  part,  and  eo  the  increa 
blood-supply  goes  along  with  the  secretion;  but  the 
phenomena  are  fundamentally  independent. 

The  Sebaceous  Secretion.  This  is  oily,  semiflnid,  an* 
a  si>ecial  odur.  It  eoutains  about  50  per  cent  of  fats  (olein 
and  pnlmatin).  It  lubricates  tlic  haiii;  and  usually  renders 
them  glossy,  even  in  persons  who  use  none  of  the  various 
compounds  sold  as  ** hair-oil."  No  doubt,  too,  it  gets 
spread  more  or  less  over  the  skin  and  makes  the  cuticle  )cs8 
permeable  by  water.  Water  poured  on  a  healthy  skin  does 
not  wet  it  readily  but  runs  off  it,  as  "off  a  duck's  back^' 
tliough  to  a  less  marked  degree. 

Hygiene  of  the  Skin.  The  sebaceous  secretion, 
the  solid  residue  left  by  evaponiting  sweat,  constanth" 
form  a  solid  tilm  over  the  skin,  which  must  tend  to  ch« 
up  the  mouths  of  the  sweat-glands  (the  so-called  ''poi 
the  skiu)  and  impede  their  activity.  Hence  the  valne"^ 
health  of  kee]>ing  the  skin  clean:  a  daily  balh  hhonid  be 
taken  by  every  one.  AVomen  cannot  well  wash  their  hair 
daily  as  it  takes  so  long  to  dry,  but  a  man  should  immerse 
his  hea<l  when  he  takes  his  bath.  As  a  general  rule,  soap 
should  only  be  used  occasionally;  it  is  (juite  unnecessary  for 
cleanliness,  except  on  exposed  parts  of  the  Body,  if  freqm 
bathing  is  a  habit  and  the  skin  be  well  rubbed  afterw; 
until  dry.  Soap  nearly  always  contains  an  excess  of  all 
whichin  it-self  injures  some  skins,  and,  besides,  is  apt  tocoi 
bine  chemically  with  the  sebaceous  secretion  and  carry  it 
too  freely  away.  Perstms  whose  skin  will  not  stand  soap 
can  find  a  good  su))stitute,  for  washing  the  hands  and  face, 
in  a  little  cornmeal.  No  doubt  many  folk  go  about  in 
very  good  health  with  very  little  wasbing ;  contact  wjj 
the  clothes  and  other  external  objects  keeps  its  excretii 
from  accumulating  on  the  skin  to  any  very  great  extel 
But  apart  from  tlie  duty  of  personal  cleanliness  imposed  ou 
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tnan  ad  a  social  animal  in  daily  intcrconrse  with  others, 
the  mere  fact  that  the  healthy  Body  can  manage  to  got 
along  under  unfavorable  conditions  is  no  reason  for  expos- 
ing it  to  them.  A  clogged  skin  throws  more  work  on  tlie 
lungs  and  kidneys  than  their  fair  share,  and  the  evil  con- 
sequences may  be  experienced  any  day  when  something  else 
throws  another  extra  strain  on  them. 

Animals,  a  conftidcrable  portion  of  whose  skin  has  been 
.varnished,  die  within  a  few  hours.  This  used  to  be  thought 
due  to  poisoning  by  retained  ingredientd  of  the  sweat. 
But  the  real  cause  of  death  seems  to  be  an  excessive  radia- 
tion of  heat  from  tlie  surface  of  the  body,  which  the  vital 
oxidative  processes  cannot  keep  up  with,  so  the  bodily  tem- 
perature falls  until  it  reaches  a  fatal  point,  about  20*^  C. 
(68^  F.)  for  rabbits.  If  the  animal  be  packed  in  raw  cotton 
or  kept  in  an  atmosphere  at  a  temperature  of  30°  C.  (86°  P.) 
it  will  not  die  from  l!ic  varnishing. 

Bathing.  The  geucral  subject  of  bathing  may  be  con- 
sidered here.  One  object  of  it  is  that  above  mentioned,  to 
cleanse  the  skin;  but  it  is  also  useful  to  strengthen  and 
invigorate  the  whole  frame.  For  strong  healtliy  i>ei*sons  a 
cold  bath  is  the  best,  except  in  extremely  severe  weather, 
when  the  temperature  of  the  water  sliould  bo  raised  to  15° 
C.  (about  G0°  F.),  at  which  it  still  feels  quite  cold  to  the 
sni'face.  The  first  effect  of  a  cold  bath  is  to  contract  all 
the  skin-vessels  and  make  the  surface  pallid.  This  is  soon 
followed  by  a  reaction,  in  which  the  skin  becomes  red  and 
congested,  and  a  glow  of  warmth  is  felt  in  it.  The  proper 
time  to  come  out  is  while  this  reaction  lasts,  and  after 
emersion  it  should  be  promoted  by  a  good  rub.  If  the 
stay  in  the  cold  water  be  too  ]»rolonged  the  state  of  reaction 
parses  off,  the  skin  again  becomes  pallid,  and  the  person 
probably  feels  cold,  uncomfortable,  and  depressed  all  day. 
Then  bathing  is  injurious  instead  of  beneficial;  it  lowers 
instead  of  stimulating  the  activities  of  the  Body.  How 
long  a  stay  in  the  cold  water  may  be  made  with  benefit, 
depends  greatly  on  the  individual;  a  vigorous  man  can  l>ear 
it  and  set  up  a  healtliy  reliction  after  much  longer  immer- 
.aion  than  a  feeble  one;  moreover^  being  used  to  cold  bathing 
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rcndcrB  a  longer  stay  safe,  and,  of  course,  the  tcmpei 
of  the  wtiter  hiis  a  great  influence:  water  called  **cold" 
may  vary  within  very  wide  limits  of  temperature,  as  indi- 
cated by  the  tliermomcter;  and  tl)c  colder  it  is  the  shorter 
id  the  time  which  it  is  wise  to  remain  in  tt.  Persons  who 
in  the  comjiarativel}'  wann  water  of  Xarrugunecit  dur- 
ing the  suniuicr  nionllis  stay  with  bcuetit  ur.d  pleasure 
in  the  goa,  have  to  content  themselves  witli  a  single  plunge 
on  jjarUi  of  the  coast  where  the  water  is  colder.  The 
nature  of  the  wutcr  has  fiume  iuQuence;  the  salts  contained 
in  sea-water  Rlimulate  the  skin-nerves  and  promote  the 
afterglow.  Many  ]>er8ons  who  cannot  stand  a  simple 
fresh-water  bath  take  one  with  benefit  wlicn  some  saline 
prcvionsly  dissolved  iu  the  water.  The  best  for  this  pui 
are  pmbubly  those  sold  in  the  shops  under  the  name' 
*' sea-salts." 

It  is  perfectly  safe  to  bathe  when  warm,  provided  iha 
skin  is  not  perspiring  profusely,  the  notion  commonlj  pre- 
valent to  the  contrjiry  notwirhstanding.  On  the  other 
hand,  no  one  shoiil)!  enter  a  coJd  bath  when  feeling  chilly, 
or  in  a  depressed  vital  condition.  It  is  not  wise  to  takes 
bath  imniediiUely  after  a  meiil,  since  the  afterglow  tends  to 
draw  away  ttmnuich  blood  from  the  digestive  organs,  which 
are  then  actively  at  work.  The  best  time  for  a  long  bath  is 
about  three  hours  after  breakfast;  but  for  an  ordinary  daily 
dip,  lasting  but  a  short  time,  thece  is  no  better  period  than 
on  rising  and  wliile  still  warm  from  bed. 

The  shower-biith  abstracts  less  heat  from  the  skin 
an  ordinary  cold  batii  and,  at  the  same  time,  gives 
greater  stimulus:  hcnee  it  has  certain  advantages. 

Persons  in  feeble  heiilth  may  diminisli  the  shock  to 
system  by  raising  the  temperature  of  the  water  they  batbo 
in  up  to  any  point  at  which  it  still  feels  cool  to  the  «klD. 
Bathing  in  water  which  feels  warm  is  not  advisable:  it  tends 
generuUy  to  diminish  the  vital  activity  of  the  Body.  Hence 
warm  baths  sliould  only  bo  taken  occasionally  and  Xor 
special  purposes. 
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The  Problems  of  Animal  Wutrition.     We  have  in  pre- 
ceding uhuptt'iv  LniL't'd  certain  materials,  coui>istiiig  of  foods 
more  or  Xcas  chuiigcd  by  digestion^  into  the  Body  frooi  the 
alimentary  cauul,  aud  oxygen  into  it  from  tbe  liiugs.      We 
have  altio  detected  the  elements  thus  taken  into  the  Body 
in  their  pa^Jsagc  out  of  it  again  by  lungs,  kidneys  uiid  skin; 
and  found  that  for  the  most  part  their  chemical  state  waa 
differeut  from  that  in  which  t!iey  entered;  the  difference 
being  expressible  in  general  terms  by  saying  that  more 
oxidized  forms  of  matter  leave  the  Body  than  enter  it. 
Wo  have  now  to  consider  what  happens  to  each  food  during 
the  journey  through  the  Body:  is  it  ehanged  at  all?  is  it 
oxidized?  if  bo  where?   what  products  does  its  oxidation 
give  rise  to?     la  the  oxidation  direct  and  complete  at  once 
or  does  it  occur  m  suceesfiive  Bteps?    lias  the  food  been 
used  first  to  mako  part  of  a  living  tissue  and  is  this  then 
oxidized;  or  has  it  been  oxidized  without  forming  part  of  a 
living  tissue?  if  so, where?  in  the  blood  stream  or  outside 
of   it?      Finally,  if  the  chemical    changes  undergone  in 
the  Body  are  such  as  to  liberate  energy,  how  lias  tins  energy 
been  utilized?  to  maintain  the  temperature  of  the  Body  or 
to  give  rise  to  muscular  work,  or  for  other  purposes?     Tliis 
is  a  long  string  of  questions,  tl^e  answers  to  many  of  which 
Physiology  lias  still  to  seek. 

The  Seat  of  the  Oxidations  of  the  Body.  According 
tn  older  views  oxidatitm  mainly  took  jjlacc  in  the  blood 
whdo  flowing  through  the  lungs.  Those  organs  were  con- 
sidered a  sort  of  furnace  in  which  heat  was  liberated  by 
blood  oxidation,  and  then  distributed  by  the  circulation. 
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But  if  this  wcro  so  the  lunga  ought  to  bo  the  liottcfit  parti 
of  the  Body,  and  the  hloud  leaving  thoni  by  the  pulmonun 
veins  much  hotter  than  that  hrouglit  to  them  by  the  puliutt- 
uixry  artery  after  it  had  been  cooled  by  wai'ining  all  the  ti*- 
6X1C8;  and  neither  of  these  things  is  true.     A  email  aiuonot 
of  heat  is  liberated  when  haemoglobin  combines  with  oxygen 
in  the  pulmonary  capillaries,  but  the  affinities  thus  satisfied 
are  so  feeble  that  the  energy  liberated  is  trivial  in  amount 
when  compared  with  that  set  free  when  this  oxygen  subse- 
quently forms  stabler  compounds  elsewhere.  It  is  now,  more- 
over, tolerably  certain  that  hardly  any  of  this  latter  clafis 
oxidations  occurs  in  the  living  circulating  blood  at  all;  i 
cells  do,  no  doubt,  use  up  some  oxygen  and  set  free  some  car 
bon  dioxide;  but  not  enough   to  be  detected   by  ordinaij 
methods  of  analysis.  The  percentage  of  oxygen  liberated  in 
vacuum  by  two  specimens  of  the  blood  of  an  animal,  taken 
one  from  an  artery  near  the  heart,  and  the  o(  her  from  a  d  istant 
one,  are  practically  the  same;  showing  that  during  the  time 
occupied  in  flowing  two  or  three  feet  through  an  artery  th 
blood  uses  up  no  appreciable  quantity  of  its  own  oxygenjj 
while  in  the  short  time  occupied  in  its  brief  capillary  transi 
it  loses  BO  much  oxygen  as  to  become  venous.      The  differ 
ence  is  explained  by  the  fact  that  the  blood  gives  off  oxygea 
gas  through  the  thin   capillary  walls  to  the  surroundmg 
tissues;  and  in  them  the  oxidation   takes  place.      As  w« 
have  already  seen,  a  freshly  excised   muscle  deprived   oil 
blood  can  still  be  made  to  contract;  and  for  some  consider- 
able time  if  it  bo  the  muscle  of  a  cold-blooded  minimal 
During  its  contraction  it  evolves  large  amounts  of  carbo 
dioxide,  although  the  renting  fresh  muscle  contains  hardly, 
any  of  that  gas.     Here  we  hare  direct  evidence  of  oxidatioi 
taking  jilace  in  a  living  tissue  and  in  connection  with  iti 
functional  activity;  and  what  is  true  of  a  muscle  is  prob-, 
ably  true  of  all  tissues;  the  oxidations  which  supply  the 
with  energy  take  place  within  the  living  cells  themselvea. 
The  statement  frequently  made  that  the  oxygen  jn  the  cir- 
culating blood  exists  as  ozone,  rests  on  no  sufficient  basis; 
decomposing  haemoglobin  does  seem  to  form  ozone  when 
exposed  to  the  air,  but  fresh  blood  yields  no  sign  of  it. 
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Experiments  made  bv  adding  viiriou?  combustible  sub- 
BUncea,  as  sugar,  to  ftosh  blomi,  also  fail  to  prove  the  oc- 
currence of  uuy  oxidiilioji  of  such  bodies  in  that  liqaid. 

Tissue-Building  and  Energy- Yielding  Foods.  The 
Ilitrniin  Hody,  like  that  of  otluT auimuls.  is,  on  the  whole, 
cljemically  destrucLivc;  it  takes  in  highly  complex  sub- 
stances as  food,  and  eliminates  their  elements  in  much 
simpler  componuds,  which  can  again  be  built  up  to  their 
original  condition  by  plants,  5^'everthcless  the  Body  has 
certain  constructive  powers;  it,  at  least,  builds  up  protoplasm 
from  proteids  and  other  substances  received  from  the 
exterior;  and  there  is  reason  to  believe  it  does  a  good  dual 
more  of  the  same  kind  of  work,  though  never  un  amount 
cqiifilinp;  it.s  chemical  destructions.  Given  one  single  pro- 
teid  in  its  food,  say  egg  albumen,  the  Body  can  do  very 
well;  making  serum  albumen  and  fibrin  factors  out  of  it 
for  the  blood,  myosin  for  the  muscles,  and  so  on:  in  such 
cases  the  original  proteid  must  have  been  taken  more  or 
less  to  pieces,  remodeled,  and  built  up  again  by  the  living 
tissues;  and  it  is  extremely  doubtful  if  anything  different 
occurs  in  other  cases,  when  the  prolcid  eaten  hai>[>ons  to  be 
one  found  in  the  Body.  In  farl,  during  digestion  the  pro- 
teids are  broken  down  somewhat,  and  turned  into  peptones; 
in  this  state  they  enter  the  blood  and  must  again  be  built 
up  into  proteids,  either  there  or  in  the  solid  tissues. 

The  constructive  powers  of  the  Body  used  to  be  rather 
too  much  ignored.  Foods  were  divided  mio  a ssinnlahle  st,\\d. 
combuni idle,  the  former  serving  directly  to  renew  the  organs 
or  tissues  as  they  were  used  up,  or  to  .supply  materials  for 
growth;  these  were  mainly  proteids  and  fats;  no  special 
chemical  synthesis  was  thus  supposed  to  tnkc  jilacc,  the 
living  cells  being  nourished  by  the  reception  from  outside  of 
molecules  similar  to  those  they  ha<l  loj^t.  'Fat-cells  grew 
by  picking  up  fatty  molecules,  like  their  contents,  received 
from  the  food;  and  protoplasmic  tissues  by  the  reception 
of  ready-made  proteid  molecules,  needing  no  further 
manufacture  in  the  cell.  The  combustible  foods,  on  the 
other  hand,  were  tlie  carbohydrates  and  s^mie  fats:  these, 
uecordiug  to  the  hypothesis,  were  incapable  of  being  made 
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into  parts  of  a  living  tisane,  and  were  simply  bnml  afc  o^ 
In  order  to  maintain  the  bodily  warmth.  It  havin*^ 
proved,  however,  tljat  more  fat  might  accnmMlate  in  tJ 
body  of  an  animal  than  was  taken  in  its  food»  this  cxci 
was  accounted  for  by  supposing  il  was  due  to  excess  of  coi 
hustible  foods,  converted  into  fats  and  stored  away  as  oi 
droplets  in  various  cells;  but  not  actually  bnilt  up  into  t] 
living  adipose  tissue.  Liebig,  somewhat  similarly,  classi 
all  foods  into  plastic^  concerned  in  making  new  tif^iics,  ad 
respiratory,  directly  oxidized  before  they  ever  constitute 
a  tissuG.  The  plastic  foods  were  the  proteids,  but  the 
also  indirectly  gave  rise  to  tlie  energy  expended  in  muwrii- 
lar  work,  and  to  some  heat:  the  proteid  muscular  fibre 
being  broken  first  into  a  highly  nitrogenous  part  (nrea,  or 
some  body  well  on  tlio  road  to  become  urea)  and  a  not 
nitrogenizcd  ricldy  liydrocarbonous  part;  and  this  ]att( 
waa  then  oxidized  and  gave  rise  to  heat  Several  facts  raai 
be  urged  against  this  view — (1)  5Ien  in  tropical  climati 
live  mainly  on  non-protoid  foods,  yet  their  chief  needs 
not  heat  production,  bat  tissue  formation  and  luusmli 
work:  according  to  Licbig's  view  their  diet  should  be 
mainly  nitrogenous.  (2)  Carnivorous  animals  live  on  a 
diet  very  ricli  in  proteids,  nevertheless  develop  jdcnlv 
animal  hcut,  and  that  without  doing  the  excessive  musci 
lar  work  which,  on  Licbig's  theory,  must  first  bo  goi 
through  in  order  to  break  up  the  proteids,  with  the  prnduc 
tion  of  a  non-azotized  part  which  could  then  be  oxidized  U 
hcat-prodnction.  (3)  Great  muscular  work  can  be  done  oi 
a  diet  poor  in  proteids;  be;ists  of  burden  arc  for  the  mosi 
part  herbivorous.  (4)  Further,  we  know  exactly  how  mud 
energy  can  bo  liberated  by  tlie  oxidation  of  proteids  to  that 
stage  which  occurs  in  the  Body;  and  it  is  peHectly  jjossiblc^ 
to  estimate  pretty  accurately  the  amount  of  urea  and  nri(^| 
acid  excreted  in  a  given  time;  fram  their  sum  the  amount 
of  proteid  oxidized  and  tlic  amount  of  energy  liberated  in 
that  oxidation  can  be  calculated;  if  tliisbc  done  it  is  found 
that,  nearly  always,  the  muscular  wurk  done  during  the 
game  ]>criod  represents  far  more  cncrg}-  expended  than  could 
be  yielded  by  the  proteids  broken  down. 
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The  Source  of  the  Bnergy  Sxpended  in  Muscular 
Work.  This  questiun,  which  vrma  postponed  in  the  chap- 
ters dealing  witli  tlie  muscular  tissuea,  on  account  of  its 
importance  demands  here  a  discussion.  It  may  be  put  thus: 
— Does  a  mnscle-Gbrc  work  hy  the  oxidation  of  its  proteids, 
i.e.  by  breaking  them  down  into  coriiponnds  which  are 
then  removed  from  it  and  conveyed  out  of  the  Body?  or 
does  it  Avork  by  the  energy  liberated  by  the  oiidatiou  of 
carbon  and  hydrogen  compounds  only?  The  problem  may 
be  attacked  in  two  ways;  first,  by  examining  the  excretions 
of  a  man,  or  other  animal,  during  Mork  and  rest;  second, 
by  examining  directly  the  chemical  changes  produced  in  a 
muscle  when  it  contracts.  Both  methods  point  to  tliosamo 
conclusion,  viz.  that  proteid  oxidation  is  not  the  source  of 
the  mechanical  energy  expended  by  the  Body. 

One  gram  (15.5  grains)  of  pure  albumen  when  completely 
burnt  liijerates,  as  heat,  un  amount  of  energy  cfiual  to  2117 
kilograrameters  (15,270  foot-pounds).  But  in  the  Body 
proteids  are  not  fully  oxidized;  part  of  their  carbon  is,  to 
form  carbon  dioxide,  and  part  of  the  hydrogen,  to  form 
water;  but  some  carbon  and  hydrogen  pass  out,  combined 
with  nitruguii  and  oxygen,  in  the  incompletely  oxidized 
state  of  urea.  Therefore  all  of  tlic  energy  theoretically  ob- 
tainable is  not  derived  from  proteids  in  the  Body:  from 
the  above  full  amount  for  each  gnim  of  proteid  we  must 
take  the  quantity  carried  off  in  the  urea,  wliich  will  bo  the 
amount  liberate:!  when  that  urea  is  completely  oxidized. 
Each  gram  (15.5  grains)  of  proteid  oxidized  in  the  Body  gives 
i^  of  a  gram  (5.14  grains)  of  urea;  and  since  one  gram  of 
urea  libemtes,  on  oxidation,  energy  amounting  to  934  kilo- 
grammetei*s  (6740  foot-pounds)  each  gram  of  proteid 
oxidized,  so  far  us  is  possible  in  the  Body,  yields  during  the 
proccess  2117-  ^^  =  1805.7  kilogrammeters  (1.3/)37  fooU 
pounds)  of  energy.  Knowing  that  urea  carries  off  practi- 
cally all  the  nitrogen  of  j^roteids broken  up  in  the  Body,  and 
contains  46.6  per  cent  of  nitrogen,  while  proteids  contain 
10  per  cent,  it  is  easy  to  find  that  each  gram  of  urea  repre- 
sents the  decomposition  of  about  2.80  grams  of  proteid  and, 
therefore,  the  liberation  of  50GO.OO  kilogrammeters  (36,533.0 
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foot-pounds)  of  energy.     If.  therefore,  we  know  how  much 
urea  a  mim  excretes  during  a  given  time,  and  how  much 
mechanical  work  ho  docs  during  the  same  time,   we  can 
readily  discover  if  the  latter  could  possihly  have  hecu  done 
by  tlie  energy  set  free  by  proteid  decomposition.       Let  U3 
take  a  special  case.      FIck  and  Wisleconua,  two  Germau 
observers,  climbed  the  Faulhom  mountain,  which   is  lD5i> 
meters  (about  6415  feet)  high.     Fick  weighed  C6  kilograms 
and,  therefore,  in  lifting  his  Body  alone,  did  during  the 
ascent   129,096  kilogrammeters  (932,073  foot-pouuds)  of 
work.    Wislecenus,  who  weighed  76  kilograms,  did  similarly 
148,656   kilogrameters   (1,073,296   foot-pounds)    of  work. 
Bnt  during  the  ascent,  aad  for  five  hours  afterwards,  Fick 
secreted   urine  containing  urea  answering  only  to  37.17 
grams  of  proteid,  and  Wislecenus  urea  answering  to  37 
grams.     Since  each  gram  of  proteid  broken  up  in  the  Body 
liberates   1805.7   kilogram  meters  (13,037  foot-pounds)  of 
energy,  the  amount  that  Fick  could  possibly  have  obtaloed 
from  such  a  source  ia  1805.7X37.17  =  67,117  kilogram- 
meters  (4^4,584  foot-pounds),  and  Wislecenus  1805.7  X  37 
—  CG,810  kilogrammeters.     If  to  the  muscular  work  done 
in  actually  raising  their  bodies,  we  add  that  done  simul- 
taneously by  the  heart  and  the  respiratory  muscles,  and  ia 
such  movements  of  the  limbs  as  were  not  actually  concerned 
in  liting  their  weight,  we  &houId  have,  at  least,  to  double 
the  above  total  muscular  work  done;  and  the  amount  of  ^ 
energy  liberated  meanwhile  by  proteid  oxidation,  bocomes^| 
utterly  inadequate  for  its  execution.      It  is  Uuis  cleiir  that 
muscular  work  is  not  wholly  done  at  the  expense  of  tho 
oxidation  of  muscle  proteid,  and  it  ia  very  probable  that^| 
none  is  so  done  under  ordinary  circumstances,  for  the  urea 
excretion  during   rest   is  about   as   great  as   that  during 
work,  if  the  diet  remain   the  same;    if  the  work  is   very 
violent,  as  in  long-distance  walking  matches,  tho  urea  quan- 
tity  is  sometimes   temporarily  raised  but  this  increaoe^ 
which  no  doubt  represents  an  abnormal  wear  and  tear  of 
muscle-fibrc»  ia  probably  indejtendeiit  of  tho  liberation  of 
energy  in  the  form  in  which  a  muscle  can  use  it,    more 
likely  taking  the  form  of  liont;  a^id  is,  moreover,  compen- 
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euted  for  afterwards  bya  diininishcd  nrea  exL-retion.  Thiis, 
hourly,  before  the  ascent  Fick  and  Wislouonna  each  ex- 
creted oil  the  average  about  4  gruina  (6'i  gniinfi)  of  urea; 
during  the  ascent  bctweoa  7  and  8  gramn  (108-124  grains); 
but  during  thcsubsoi^uent  16  hours,  when  any  urea  formed 
in  the  work  would  certainly  have  reuclied  the  urine,  only 
aji  average  of  about  -S  grams  (40.5  gniins)  per  hour. 

It  may  still  be  objected,  however,  that  a  gootl  deal  of  tho 
muscle  work  may  be  done  by  the  energy  of  oxidize<i  musclo 
proteid;  tliat  the  amount  of  this  oxidation  occurring  in  a 
muscle  during  rest  or  ordinary  work  ia  pretty  constant  and 
simply  takes  different  forms  in  tlie  two  cases,  much  as  a 
steam-engine  with  its  furnace  in  full  blast  will  bum  as 
much  coal  when  resting  as  when  workiug,  but  in  tlie  former 
case  lose  all  the  generated  energy  in  the  form  of  heat,  and 
in  tho  latter  partly  as  mechanical  work.  Thus  the  want  of 
increase  in  urea  daring  muscular  activity  would  be  explained, 
while  still  a  good  deal  of  utilizablo  energy  might  come  from 
proteid  degnuhttion.  But  if  this  were  so,  then  the  work- 
ing Body  shouhl  climinato  no  more  carbon  dioxido  than  tho 
resting;  the  amount  of  chemical  changes  in  its  muscles 
being  by  hypothesis  the  same,  tho  carbon  dioxide  eliminated 
should  not  be  increased.  Experiment,  however,  shows 
that  it  is,  and  that  to  a  very  largo  extent,  even  when  tho 
work  done  is  quite  moderate  and  falls  within  tho  limits 
which  could  bo  performed  by  the  normal  proteid  degrada- 
tion of  tho  Body.  Quite  easy  work  doubles  the  carbon 
dioxide  excreted  in  twenty-four  hours,  and  in  a  short  period 
of  very  hard  work  it  may  rise  to  five  times  the  amount 
eliminated  during  rest.  Since  the  urea  is  notincreased,  or  but 
very  slightly  increased,  at  the  same  time,thi8  carbon  dioxide 
cannot  be  due  to  increased  proteid  metamorphosis;  and 
it  thcroforo  indicates  that  a  muscle  works  by  the  oxidation 
of  oarbonuceous  non-nitrogenous  compounds.  Since  all 
the  carbon  compounds  oxidized  in  the  Body  contain  hydro- 
gen this  clement  i^  also  no  doubt  oxidized  during  muscu- 
lar work;  but  its  estimation  is  dillicult  and  has  not  been 
attempted,  Iwcauso  the  Body  containj^  so  much  water  ready 
formed  that  a  largo  quantity  is  always  ready  for  increased 
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evaporation  from  the  lungs  and  skin,  vhenerer  the  respi 
ti(tn.sareqnickt'i!CHl,  as  they  are  by  exercisD.     It,  thus,  is  vc 
diflicult  to  f-iiy  huw  much  of   the  extra  water   e]iminat 
from  the  Body  during  work  is  due  merclyto  thia  canse  aa 
how  much  to  increased  hydrogen  oxidation. 

Tlie  conchi-iioo  we  are  led  to  i?,  then,  thatamuscic  works 
by  the  oxidation  mainly,  if  not  entirely,  of  carbon  and 
hydrogen;  much  as  a  steam-engine  does:  the  pvotciil  con- 
stituents of  the  musclo  answer  roughly  to  the  metallic  pnrt« 
of  the  engine,  to  the  machinery  using  the  energy  liberated 
by  the  oxidations,  but  itself  only  sn  fieri ng  wear  and  tear 
bearing  no  direct  proportion  to  tho  work  done;  as  an  engine 
miiy  rust,  eo  musde  j)rL)teid  may  and  does  oxidize,  but  not 
to  Rn|iply  the  nrgjin  with  energy  for  use.  This  conclusion, 
arrived  at  by  rv  study  of  tho  excretions  of  the  whole  Body,  is 
confirmed  by  tfio  results  obtained  by  the  chemical  etudv  of 
a  single  muscle,  A  fresh  frog's  nmsclc  (which  agrooa  in  all 
essential  points  with  a  man's)  contains  practically  no  car- 
bon dioxide,  yet,  made  to  work  in  a  racunm,  gives  off  that 
gas,  and  more  the  more  it  works.  Some  carbon  dioxide  is 
tlicreforo  formed  in  the  working  muscle.  If  tho  muscle, 
after  contracting  as  long  as  it  will,  be  thrown  into  death 
rigor  it  gives  off  more  carbon  dioxide;  and  if  taken  per- 
fectly frcsb  and  sent  into  riV/or  mortis  without  contracting 
it  gives  off  carbon  dioxiilo  also,  in  amount  exactly  equal  to 
the  sum  of  that  which  it  would  have  given  off  in  two  stages, 
if  first  worked  and  then  sent  into  rigor.  The  musclo  must, 
therefore,  contain  a  certain  store  of  a  carbon-dioxide-yield- 
ing body,  and  the  decomposition  of  thia  is  associated  with 
the  occurrence  both  of  muscular  activity  and  death  stiffen- 
ing. Similitr  things  are  true  of  the  acid  simult^ineoofly 
developed  ;  the  muscle  when  it  works  ]>roducos  somo  saroo- 
laotio  a4iid,  and  when  thrown  into  rigor  mortis  still  more. 
\o  increase  of  urea  or  kreatin  or  any  similar  product  of 
nitrogenous  decomposition  is  found  in  a  worke<l  musclo 
when  compared  with  a  rested  one,  but  the  total  carbohy- 
drates are  rather  less  in  tho  former.  These  facts  make  it 
dear  that  muscular  work  is  not  done  at  the  expense  of 
proteid  oxidation;    and  wo  have  already  seen  (p.  387)  that 
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tho  oxygen  a  muscle  uses  in  contracting  is  not  taken  up  by 
it  at  the  time  it  is  used,  since  a  muscle  containing  no  oxy- 
gen will  still  contnictand  evolve  carbon  dioxide  in  a  vncuum. 
Itis  probuble  that  thechcmical  phenomena  occiirringin  con- 
traction und  rigor  are  e^f^entially  tho  same;  the  death  stiffen- 
mg  rcault3  M-hen  they  occur  to  an  extreme  degree.  Pro- 
viistontiUy  one  may  cxpluin  the  facts  na  follows — A  muscle  in 
the  Body  tiikcs  up  from  the  blood,  oxygen,  proteids,  and 
nou-uitrogenous  (carbohydrate  or  fatty)  substances.  Those 
it  builds  lip  into  a  highly  complex  and  very  unstable  com- 
pound, comparable,  for  example,  to  nitro-glycerinc.  When 
the  muscle  is  stimulated  this  falls  down  into  simpler  sub- 
stances in  which  stronger  affinities  are  satisfied;  among 
these  are  carbon  dioxide  and  sareoluctic  acid  and  a  proteid 
(myosin).  Tlic  energy  liberated  is  thus  iudependent  of 
any  simultfineous  taking  up  of  oxygen;  the  amount  possible 
depends  only  on  how  much  of  tho  decompoi^able  body  existed 
in  the  muscle.  Under  utitural  conditious  the  carbon  diox* 
ide  is  carried  off  in  tho  blood  and  |>erhups  the  sarcolnclic 
acid  ulso,  tlic  latter  to  be  clscMiicio  oxidized  further  to 
form  water  and  more  carbon  dioxide.  The  myosin  remains 
in  the  muscle-fibre  and  is  oomljincd  with  more  oxygen, 
and  with  compounds  of  cjirbon  and  hydrogen  taken  from 
tho  blood,  and  built  itp  into  the  unstable  energy-yielding 
body  again;  none  of  it,  under  ordinary  circumstances, 
leaves  the  musclo.  If,  however,  tho  blood-supply  be  defi- 
cient, the  myosin  clots  (p.  135)  before  this  restitution  takes 
place  and  it  cannot  tliou  bo  rebuilt:  and  in  excessive  work 
tlie  sjime  thing  partially  occurs,  tho  decomposition  occur- 
ring faster  tliau  the  rccom position;  tho  clotted  myosin  is 
then  broken  up  into  simpler  bodies  and  yields  a  certirn 
increase  of  the  urea  excreted.  In  rigor  morfift  all  the  myosin 
passes  into  the  clotted  state  and  causes  the  rigidity.  A 
working  muscle  takes  np  more  oxygen  from  the  blood  than  a 
resting  one.  us  is  shown  by  a  comparison  of  tho  gases  of  its 
venous  blood  in  the  two  ca.=es;  this  oxygen  assumption  is 
not  nocGRsarily  proportionate  to  thecarbon-dioxido  elimina- 
tion at  the  same  time;  for  tho  latter  depends  on  the  break- 
ing down  of  a  body  already  accumulated  in  tho  muscle  dur- 
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ing  rest,  and  this  breaking  down  may  occur  faster  Uian  the 
reconstruction.  Wo  are  thus  enabled,  also,  to  understand 
how,  during  exercise,  the  carbon  dioxide  evolved  from  the 
lungs  may  contain  more  oxygen  than  that  tnkcn  np  at  the 
same  time;  for  it  is  largely  oxygen  previously  stored  dur- 
ing rest  which  then  appears  in  the  carbon  dioxide  of  tlie  ex- 
pired air. 

Are  any  Foods  Respiratory  in  Liebig's  Sense  of  the 
TermP  AVc  find,  then,  tluit  Liehig's  classification  of  foods 
cannot  be  accepted  in  an  absolute  sense.  There  is  no  doubt 
that  the  substance  broken  down  in  muscular  contraction  is 
proper  living  muscular  tissue;  and  if  this  (its  proteid  con- 
stituent being  retained)  be  reconstructed  from  foods  con- 
taining no  nitrogen  (whelher  carbohydrates  or  fats)  then 
the  term />/rtjj/iV?  or  tissue-forming  cannot  bo  restricted  to 
the  proteids  of  the  diet.  Wc  must  rather  conclude  that 
any  alimentary  principle  containing  carbun  may  be  used  to 
replace  the  oxidized  carbon,  and  any  containing  hydrogen 
to  replace  the  oxidized  h3'di'ogen,  of  a  tissue;  and  so  even 
non-protoid  foods  may  be  plastic,  A  certain  pro]>ortion  of 
the  foods  digested  may  }>erha]is  be  oxidized  to  yield  energy, 
before  they  ever  form  part  of  a  tissue;  and  so  correspond 
pretty  much  to  Liebig's  respinitory  foods;  but  no  hard  and 
fast  line  can  bo  drawn,  milking  all  prnteid  foods  plastic 
and  all  oxidizable  non-proteid  foods  respiratory. 

Iitixus  Confiumption.  N'otonly,  usnbovepointedout,  may 
non-nitrogenoua  foods  bo  ])Iastic,  but  it  is  certain  that  if 
any  foods  are  oxidized  at  once  before  being  organized  mto 
a  tissue,  proteids  arc  under  certain  circumstonces;  naraelv, 
when  they  ore  conlainod  in  excess  in  a  diet.  If  an  animal 
bo  star\'ed  it  is  found  that  its  non-nitrogenous  tissues  go 
first;  an  insufficiently  fi^d  animal  loses  its  fat  fii^st.  and  if  it 
ultimately  dies  of  starvation  is  fnnnd  to  have  lost  97  per  cent 
of  its  adipose  tissue  and  only  abnufc  30  per  cent  of  its 
protcid-rich  muscular  tissue*  and  almost  none  of  its  brain 
and  spinal  cord;  all  of  course  reckoned  by  their  dry  weight. 
It  is  thus  clear  that  the  proteids  of  the  tissues  resist  oxida- 
tion much  better  than  fat  does.  l?iit,  on  the  other  hand,  if 
-  well-fed  animal  bo  given  a  very  rich  proteid  diet  all  the 
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nitrogen  of  its  food  reappears  in  its  urine,  and  that  when 
it  is  liiving  up  fHt;  so  that  then  we  get  a  state  of  things  in 
which  proteids  are  broken  np  more  easily  than  fjitH.  This 
indicjites  that  pi*oteid  in  the  Ba<iy  muy  exist  under  two 
conditions;  one,  when  it  forms  part  of  a  liviug  tissue  and  ii 
protecte<l  to  a  great  extent  from  oxidation,  and  another,  in 
which  it  is  oxidized  witli  readiness  and  is  pi*esumably  in  a 
different  condition  from  tlie  tiret,  being  not  yet  built  up  into 
part  of  a  living  cell.  The  use  of  proteids  for  direct  oxidation 
is  known  as  Ihxuji  consumption ;  how  for  it  occurs  under 
ordinary  circnrastancea  will  be  considered  presently.  The 
main  point  now  to  be  borne  in  niind  is  that  while  all  organic 
non-nitrogenous  foods  cannot  be  called  respirator y,  neither 
can  protcids  under  all  circumstances  be  called /)/a^/tV;,  in 
Licbig's  sense. 

The  Antecedents  of  Urea.  In  the  long  run  the  pro- 
gonitors  of  the  urea  excreted  from  tlie  Body  are  the  proteids 
taken  in  the  food;  but  it  remains  still  to  be  considered 
what  intermediate  8te{)S  these  take  before  ext^rcliuu  in  the 
urine;  and  whether  urea  itself  is  linally  formed  in  the  kid- 
neys or  merely  separated  by  them  from  the  blood. 

In  seeking  antecedents  of  urea  one  naturally  turns  first 
to  the  muscles,  which  form  by  far  the  largest  mass  of  pro- 
teid  tissuen  in  the  Body.  Analysis  shows  that  they  always 
contain  kreatin,  a  body  intermediate  chemically  between 
proteids  and  urea.  The  quantity  of  this  iu  muscles  is  prac- 
tically unaffected  by  work,  and  is  from  0.3  to  0.4  per  cent. 
Since  it  is  readily  soluble  and  dialyzjible,  and  therofoj-c  fit- 
tefl  to  pass  rapidly  out  of  the  muscles  into  the  blood  stream^ 
it  is  a  fair  conclusion  that  a  good  deal  of  it  is  formed  in 
the  muscles  daily  and  carried  off  from  them.  Krcatio, 
too,  exists  in  the  bnjin,  and  probably  there  and  elsewhere 
iu  the  nervous  system,  is  produced  by  cliemical  degrada- 
tion of  protoplasm;  the  splecu  also  contains  a  good  deal  of 
kroatin,  and  so  do  many  glands.  This  substance  would 
therefore  seem  to  be  constantly  produced  in  considerable 
quantities  by  the  protoplasmic  tissued  genemlly;  and  since 
it  belongs  to  a  group  of  nitrogenous  compounds  whicli  the 
Body  is  unable  to  utilize  for  reconstruction  into  proteid^. 
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it  mnst  he  carried  off  somohow.  The  urine,  however,  con- 
tains very  little  kreatin,  or  its  immediate  derivative,  krea- 
tinin,  and  what  it  does  contiiin  depends  mainly  on  the 
feeding,  since  it  varies  with  the  diet  and  vanishes  during 
starvation;  so  it  is  probable  that  this  substance  is  con- 
verted into  urea  and  excreted  in  that  form.  This  conver- 
sion must  occur  elsewhere  than  in  the  muscles,  which  con- 
tain no  urea;  also,  very  little,  if  any,  exists  in  the  brain. 

Where  the  kreatin  is  tinatly  changed  into  urea  is  doubt- 
ful. It  may  bo  in  the  kidneys  by  the  renal  epithelinm, 
or  it  may  be  elsewhere,  and  tiio  urea  produced  bo  merely 
picked  up  from  tlu*  blood  and  passed  out  by  the  kidney- 
cells;  or  both  may  occur;  histohigicully  the  distinctjy 
secretory  epitheliums  of  the  convoluted  parts  of  the  tubules 
and  of  Heule's  loops,  differ  so  much  as  to  suggest  an  en- 
tirely different  function  for  them. 

On  the  whole,  the  evidence  seems  to  show  that  nrca  is 
merely  separated  and  not  produced  in  the  kidneys;  a  priori 
this  is  more  probable,  since  in  the  dcgi*adation  of  kreatia  to 
yield  urea  energy  is  liberated  and  this  might  very  well  be 
utilized  in  some  organ;  while  if  tlie  procoas  took  place  in 
the  kidney  tubules  the  force  set  free  would  be  wasted. 
The  blood  always  contains  urea,  and  renal-artery  blood 
apparently  more  than  renal-vein  blood,  which  shows  that 
urea  is  removed  from  the  blood  in  the  kidneys.  Moreover, 
if  a  mammaFs  kidneys  be  extirpated  urea  accumulates  in 
its  blood,  which  could  not  be  the  case  if  urea  were  nor- 
mally only  produced  in  the  kidneys;  and  if  urea  be  injected 
into  a  vein  it  is  rapidly  picked  up  and  carried  off  in  the 
urine,  showing  that  the  kidney-cells  have  a  selective  power 
with  respect  to  it. 

While  the  urea  resulting  from  further  changes  in  the 
kreatia  formed  in  the  tissues  is  a  measure  of  the  wear 
and  tear  of  their  protoplasm,  part  of  the  urea  excreted 
haa  probably  a  different  source;  being  due  to  the  oxidation 
of  proteids,  as  energy  liberators  or  respiratory  foods,  before 
they  have  ever  formed  a  tissue.  When  plenty  of  protoid 
food  is  taken  the  nrea  excretion  is  largely  increased  and 
th»t  very  rapidly,  within  a  couple  of  hours  for  example, 
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and  before  we  can  well  suppose  the  pi'otoids  cnteu  to  have 
been  built  up  into  tissuos,  uu<l  these  in  turn  broken  down;  in 
fact  thet*e  need  be,  and  usimllj  is,  under  such  circumstances 
no  sign  of  any  special  activity  of  any  group  of  tissues,  such 
as  one  would  expect  to  see  if  the  urea  always  came  from  the 
breaking  down  of  formed  histological  elements.  This  urea 
is  thus  indicative  of  a  utilization  of  proteids  for  other  than 
plastic  purposes;  and  the  same  fact  is  indicated  by  tlic 
storage  of  ourbou  and  elimination  of  all  the  nitrogen  of  the 
food  (p.  444)  when  a  diet  very  rich  m  proteid  alimentary 
principles  is  taken.  This  luxus  cojistimpiion  may  bo  com- 
pared to  the  paying  out  of  gold  by  a  merchant  instead  of 
greenbacks  when  he  has  an  abundance  of  both.  Only  the 
gold  can  be  used  for  certain  purposes,  as  settling  foreign 
debts,  but  any  quantity  above  that  needed  for  such  a  pur- 
pose is  harder  to  store  than  the  paper  money  and  not  so 
convenient  to  handle;  so  it  is  paid  out  in  preference  to 
the  paper  money,  which  is  really  somewhat  less  valuable,  as 
available  at  par  only  for  the  settlcmenL  of  domestic  debts. 

In  artificial  pancreatic  digestions,  when  long  carried  on, 
two  bodies,  called  loucin  and  tyrosin,  are  produced  from 
proteids.  It  ia  found  that  when  Icncin  is  given  to  an 
animal  in  its  food  it  reappears  in  the  urine  as  urea;  so 
the  Body  can  turn  leucin  into  that  substance.  Henco  a 
possible  source  of  some  of  the  luxus-confmrnption  urea  is 
leucin  produced  during  intestinal  digestion;  and  this  is 
very  likely  turned  into  urea  in  the  liver.  At  nny  rate 
the  liver,  to  which  the  portal  vein  might  curry  all  Icuciu 
thns  formed,  contains  urea,  which  no  other  gland  does;  and 
when  the  liver  ia  greatly  altered,  as  in  phosphorus  poison- 
ing and  the  disease  known  us  acute  yellow  iitrophv,  nrea 
almost  ontii'ely  disappciirs  from  the  urine.  This  latter  fact 
seems  to  point  to  a  final  production  of  nrca  in  the  liver,  what- 
ever its  immediate  antecedents  may  bo;  whether  muscle 
kreatin,  or  intestinal  leucin,  or  excess  of  peptones  in  the 
diet.  The  latter  might  perhaps  be  broken  up  there  into  a 
nitrogenous  part  (urea)  and  n  non-nitrogenous  |>art;  and  we 
shall  find  that  a  non-nitrogenous  substance  (glycogen)  is 
stored  in  the  liver. 
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Ptoteid  StarrvOoa  aad  Orocfredixig.  When  An  ftni* 
IDA]  U  fed  on  food  deficient  in  proteft<U,  or  contain  ing  nouo 
of  them  at  all,  its  vre*  excretion  fidU  Terr  n^idljr  daring 
the  first  dar  or  two,  bat  then  roach  more  slowly  antil 
death:  there  if  thus  indicated  a  double  source  of  area,  a  part 
reanlfciBgfrontaMaewearand tear,  and  alwav«  pre$«nt;  and 
a  part  fesolting  from  the  breaking  down  of  proteids  not 
bailc  np  into  tissue,  and  ceasing  when  the  amonnt  of  this 
proteid  in  the  Body  (in  the  blood  for  example)  falls  below 
a  certain  limit  as  a  re5alt  of  the  starvation.  As  the 
nitrogen-starred  Body  waste?,  iU  balk  of  proteid  tiamei 
id  slowlr  reduced  and  the  urea  resulting  from  their  degrad- 
ation diminishes  alsa  How  well  proteid  built  up  into  a 
tissue  resists  removal  is  shown  b_v  the  facU  already  men- 
tioned (p.  435)  as  to  the  relative  losses  of  the  proteid-rich 
And  proteid-p>oor  tissoes  in  starvation. 

On  the  other  hand,  if  an  animal  be  taken  while  etnrvine 
and  losing  weight  and  have  a  small  amount  of  fle^h  given 
it,  it  will  continue  to  lose  weight,  and  more  urea  than 
before  will  appear  in  the  urine;  increased  proteid  diet  in- 
creases the  proteid  metamorphosis,  and  the  animal  still 
loses,  though  less  rapidly  th:m  it  did.  A  little  more  proteid 
still  increases  proteid  metamorphosis  in  the  body,  and 
the  urea  elimination,  and  so  on  for  some  time;  but  each 
increment  of  proteid  in  the  food  increases  the  nitrogenous 
metamorphosis  somewlmt  less  than  the  last  did,  until, 
finally,  a  point  is  reached  at  which  the  nitrogen  egesta  and 
ingcsta  balance:  in  a  dog  this  occurs  when  it  geta  daily 
^  its  weight  of  meat,  and  no  other  solid  food.  More  food 
if  then  given  is  at  first  stored  up  and  the  animal  increases  in 
weight;  but  very  soon  the  greater  wear  aud  tear  of  the 
larger  mass  of  tissues  shows  itself  as  increased  urea  ex- 
cretion; again  the  cgcsta  and  mgesta  balance,  and  the  ani- 
mal comes  to  a  new  weight  equilibrium  at  the  Ingher  level. 
More  meat  now  causes  a  repetition  of  tlio  phenomenon:  at 
first  increase  of  tissue,  and  nitrogen  storage;  and  then  a 
cessation  of  the  gain  in  weight,  and  an  excretion  in  twentj- 
fonr  hours  of  all  the  nitrogen  taken.  And  so  on,  until  tho 
animal  refuses  to  eat  any  more. 
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These  facta  seem,  very  clearly,  to  ehow  that  proteids  can- 
not be  built  up  quickly  into  tissues.  Meat  given  to  the 
starving  animal  haa  its  proteid?,  at  first,  used  np  mainly  in 
InxuH  consumption — while  a  little  is  stored  as  tissue,  though 
at  first  not  enough  to  counterbalance  the  daily  tissue  wimte. 
When  a  good  deal  more  proteid  is  given  than  answers  to 
the  nitrogen  excretion  dnring  starvation,  the  animal  bniUL-i 
np  as  much  intoliving  tissues  as  it  breaks  down  in  the  vital 
nrocessesof  these,  the restgoing  in  7Mj'f/«roM5tt7«/)/iow;  itihus 
neither  gains  nor  loses.  More  pmteid  does  not  all  appear  in 
the  urine  at  once;  some  is  used  to  build  up  new  tissue,  but 
only  slowly;  then,  after  some  days,  the  increased  metabolism 
of  the  iucronscd  flesh  balances  the  excess  of  nitrogen  in  the 
diet,  mid  eqnilihrinm  is  again  attained.  But,  all  through,  it 
seems  clear  that  the  tissue  formation  is  slow  and  gradual; 
and  80  it  becomes  additionally  probable  that  the  increased 
urea  excretion  soon  after  a  meal  is  not  due  to  rapidly  in- 
creased tissue  formation  and  degradation,  but  to  a  more 
direct  proteid  oxidation. 

The  Storage  Tiesuea.  Every  healthy  cell  of  the  Body 
contains  \\i  any  moment  some  little  excess  of  material  laid 
by  in  itself,  above  what  is  re^juired  for  its  immediate  neces- 
sities. The  capacity  of  contracting,  and  the  concomitant 
OTolution  of  carbon  dioxide,  exhibited  by  an  excised  muscle 
in  a  vacuum,  seem  to  show  that  even  oxygen,  of  which 
wai'ni-l)lotHlcd  animals  have  but  a  small  reserve,  may  bo 
stored  np  in  (he  living  tissues  in  such  forms  that  they  can 
utilize  it,  oven  when  the  air-pump  fails  to  extract  any  from 
them.  But  in  iiddition  to  the  supplies  for  immediate  spend- 
ing, contained  in  fdl  the  cells,  we  find  special  food  reserves 
ia  the  Body,  on  which  any  of  the  tissues  can  call  at  need. 
These,  especially  the  oxygen  and  proteid  reserves,  are  found 
largely  in  the  blood.  Special  oxygen  storage  is,  however, 
rendered  unnecessary  by  the  fact  that  the  Body  can, 
except  under  very  unusual  circumstances,  get  more  from 
the  air  at  any  time,  so  the  quantity  of  this  substance  laid 
by  is  only  small;  hence  death  from  asphyxia  follows  very 
rapidly  when  the  air-passages  are  stopped,  while,  on  account 
of  the  reserves  laid  up,  death  from  other  forma  of  starva- 
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tio:i  IS  a  mnrh  slower  occurrcucc.  Protcids,  also,  wo  ban 
learnt  from  tiie  study  of  muscle,  are  probably  but  little  coa 
corned  in  eucrg}- -production  in  tbo  tissues.  SpeakiQ| 
broadly,  i\\o  work  of  the  Body  is  carried  on  by  tlie  oxidation 
of  carbon  and  bydrogeu,  and  we  lind  in  the  Body,  in  eorrt*- 
spoiulcnce  with  this  fact,  two  great  sturebouses  of  fatty  and 
carbohydrate  foodd,  which  serve  to  supply  the  materials  for 
the  performance  of  work  and  the  maintenance  of  tJje  bodily 
tc-in|>cratiiro  in  tlie  intervals  between  meals,  and  during 
longer  pcriodH  of  starvatiou.  Oue  such  store,  that  of  car- 
boJiydrato  material^  is  found  in  the  liver-cells;  the  otber, 
or  fatty  reserve,  is  found  in  the  adipose  tisane.  That  such 
Bubstimces  are  true  reserves,  not  for  any  special  local  pnrpo?o 
but  for  tlie  use  of  tlic  Body  generally,  is  shown  by  the  way 
they  disappear  in  starvation;  the  liver'reservein  afewdayj, 
and  the  fat  somewhat  later  and  more  slowly,  but  very  largely 
before  any  of  the  other  tissues  has  been  seriously  affcctct^. 
By  using  thc?e  uccuniulated  matters  the  Body  can  work 
nnd  keep  warm  during  several  days  of  more  or  less  deOcie:it 
fee<lirig;  and  Llio  fatter  an  animal  is  at  the  beginning  of  a 
starvation  period  the  longer  wdl  it  live;  wliicb  would  not 
be  the  case  coiilil  not  its  fat  be  utilized  by  the  workinir 
tissues.  Ilyhcrnating animals  jjrovc  the  same  thing;  bciirs, 
before  their  winter  sleep,  arc  very  fat,  and  at  tlie  end  of  it 
commonly  very  thin;  while  their  muscular  and  nervons 
systems  are  not  noticcuhly  dimtuushetl  in  ma^s.  During  tho 
whole  winter,  then,  the  LMiergy  needed  to  keep  the  heart  and 
rcsjiiratory  muscles  at  work,  and  to  maintain  the  tcm]>cra- 
ture  of  the  body,  must  have  beoa  obtained  from  the  oxida- 
tion of  the  fut  reserve  witli  M-liich  the  animal  started. 

Glycogen.  It  may  perhaps  Lave  struck  the  i-eadi 
curious  that  so  largo  au  organ  as  the  liver  ghould 
apart  for  the  formation  of  so  comparatively  unimiHjrti 
digestive  secretion  ns  tbo  bile;  and  wure  thia  the  S(dc  use  of 
I  he  liver  the  size  of  lIic  ori^aimvould  certainly  be  anomalous. 
The  main  function  of  the  liver  is,  however,  quite  a  different 
ono,  tlio  formation  and  slonigc  of  a  airbohydratc  called 
ghjcogcu^  from  tiicahuinliint  foud  nuitcriuls  carried  through 
it  by  tlie  portal  vein  aftor  u  meal;  in  tlie  times  betwi 
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meals  this  substance  is  then  doled  out  gradually,  and  sent 
ntund  the  Boiiy  in  the  blood.  If  a  liver  be  cut  up  two  or 
three  hoars  ufter  removal  from  the  body  of  a  healtliy  well- 
fed  animal,  and  thoroughly  extracted  with  water,  it  will 
yield  up  much  grape  sugar.  If,  on  the  other  hand,  a  per- 
fectly fresh  liver  be  heated  rapidly  to  the  temperature  of 
boiliug  water,  and  then  pounded  up  and  extracteii,  it  will 
yield  u  milky  solution,  contQiniiig  little  grape  sugar  but 
much  ghjcogcn;  a  substance  which  chemically  has  the  same 
empirical  formula  as  starch  (CsHioO^),  and  in  other  ways 
is  closely  allied  to  that  Ixxiy.  The  salivary  and  pancreatic 
secretions  rapidly  convert  it  iiUo  sugar,  as  they  do  starch, 
the  elements  of  a  molecule  of  water  being  taken  up  at  the 
Bamo  time — 

C.HicOi    +    H.O    =    C.Hi.O. 

Ci  l/coKen.  Water.  O  lucosa. 

The  same  transformation  is  rapidly  effected  by  ferments 
present  in  the  blood  and  liver,  and  hence  the  first  thing  to 
be  done  in  preparing  glycogen  is  to  heat  the  organ  at  once 
to  a  temperature  high  enough  to  destroy  these  ferments. 
Pure  glycogen  is  a  white  amorphous  inodorous  powder, 
readily  soluble  in  water,  forming  an  opalescent  milky  solu- 
tion; iurfulublc  in  alcitliol.  and  giving  with  iodine  a  red 
coloration  which  disappears  on  heating  and  reappears  on 
cooling  again. 

About  four  i)er  cent  of  glycogen  can  be  obtained  from 
the  liver  of  a  well-nonrished  animal  (dog  or  rabbit).  This 
for  tlieJuiman  liver,  which  weighs  about  1500  grams  (53  oz.), 
uould  give  ubouc  GO  grams  (2,1  oz,)  of  glycogen  at  any  one 
moment.  The  quantity  tictually  formed  daily  is,  however, 
:uuch  in  excess  of  that,  since  glycogen  is  constantly  being 
removed  from  t!ie  liver  and  carried  elsewhere,  while  a  fresh 
supply  is  formed  in  the  organ.  Its  quantity  is  subject,  also, 
lo  considerable  fluctuations;  being  greatest  about  two  hours 
aft^ragood  meal,  and  falling  from  that  time  until  the  next 
digestion  period  commences,  when  it  begins  to  rise  until  it 
reattains  its  maximum.  When  a  warm-Mooded  animal 
is  starved  the  glycogen  entirely  disappears  from  its  liver  iu 
the  coarse  of  four  or  five  days.     Glycogen  is,  thus,  clearly 
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being  constantly  used  np,  and  its  maintenance  in  n< 
quantity  depends  on  food. 

The  Source  and  Destiaation  of  Liver  Olyoogen.     AH 
foods  arc  not  equally  cthcacious  in  keeping  up  the  stock  at 
glycogen  in  the  liver;  fats  by  themselves  aie  tieeless;  pro- 
teids  by  themselves  give  a  little;  but  by  far  the  most  ii 
formed  on  a  diet  rich  in  stnrch  and  sugar;  so  it  would  seen 
tiiat  glycogen  is  mainly  formed  from  carbohydrate  maieriaU 
absorbed  from    tho   alimcMUai'y  canal  and    carried    to 
hepatic   cells   by   the   portal   vein.      These    materiali 
mainly  glucose,  since  the  starch  eaten  is  changed  into 
substance  before  absorption.     This  view  of  the  matter  it 
supported  by  several  facts.     (1)  Grape  sngsr   if  it  exist 
in  the  blood  in  above  a  certiiin  small  percentage  passes  oat 
by  the  kidneys  and  appears  in  the  urine,  constituting  the 
chaiactcristic  symptom  of  the  disease  called  diaMeif.     In 
health,  however,  even  after  a  meal  very  rich  in   carbohr- 
dmtee,  no  sugar  appears  in  the  urine;  so  that  the  Urge 
quantiEy  of  it  absorbed  from  tlie  alimentary  canal   within  a 
brii'f    time    under  such   circumstances,  must    be    stoppctl 
sonicwhcry  before  it  reaches  the  general  blood  current.    (2) 
Glucose  injected  into  one  of  the  general  veins  of  an  animul. 
if  in  any  quantity,  soon  upi^ears  in  the  urine;  but  the  same 
amount  injected  into  the  portid  vein,  or  one  of  its  radicles. 
causes   no  diabetes,  but  an  accumulation  of  glycogen  in 
tho  liver.    Wc  may  therefore  conclude  that  the  grape  sugar 
absorbed  from  the  alimentary  oanul  is  taken  by  the  portal 
vein  to  the  liver;  there  stayed  and  converted  into  glycogen; 
which    is    then  more    slowly  parsed  on  into   the    hepatic 
veins  during  tho  intervals  between  meals.     Thus  in  spite 
of  tho  intervals  which  elapse  between  meals  the  carbo- 
hydrate content  of  the  blood  is  kept  pretty  constant:  dur- 
ing digestion  it  is  not  suffered  to  rise  very  high,  nor  dur- 
ing ordinary  periods  of  fasting  to  fall  very  much  below  the 
average. 

In  what  form  glycogen  leaves  tho  liver  is  not  certain; 
it  might  be  dissolved  out  and  carried  off  as  such,  or 
previously  turned  again  into  glucose  mid  sent  on  in  that 
form;  since  the  blood  and  the  liver  both  seem  to  contniu 
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fermpTits  rnpable  of  changing  glycogen  into  glncose  the 
latter  vjew  is  the  more  probable.  Analyses  of  portal 
and  hepatic  bloods,  made  with  the  view  of  determining 
whether  more  sugiir  was  carried  out  of  tlie  liver  during 
fasting  than  into  it,  are  conflicting.  The  main  fact,  how- 
ever, remains  that  somehow  this  carbohydrate  reserve  iu 
the  liver  is  steadily  carried  off  to  be  used  elsewhere:  and 
animal  glycogen  thus  answers  pretty  much  to  vegetable 
starch,  which,  made  in  the  green  leaves,  is  dissolved  and 
carried  away  by  the  sap  currents  to  distant  and  not  grecu 
parts  (as  the  grains  of  corn  or  tubers  of  a  potato,  which 
cannot  make  starch  for  thcmsplvos)  and  in  them  is  again 
laid  down  in  the  form  of  solid  starch  gniins,  which  are 
subsequently  dissolved  and  used  for  the  growth  of  the  ger- 
minating seed  or  potato.  Reasons  have  already  been  given 
(p,  423)  for  believing  that  the  carbohydrate  leaving  the 
liver  is  not  oxidized  in  the  blood,  but  first  after  it  has  passed 
out  of  that  into  a  living  tissue.  Among  these  the  muscles  at 
least  seem  to  get  some,  since  a  fresh  muscle  always  contains 
glycogen,  and  even  in  normal  amount  when  an  animal  is 
starved  for  some  time;  the  musclc-librcs  then,  so  to  speak, 
calling  on  the  baUmec  with  tlictr  banker  (the  liver)  so  long 
as  there  is  any.  When  a  muscle  contracts  this  glycogen 
disappears  and  some  glucose  appears,  but  not  an  amount 
equivalent  to  the  glycogen  used  up;  so  that  the  working 
muscle  would  appear,  jirobubly  for  its  repair  after  each  con- 
traction (see  i>.  431),  to  utilize  this  substance. 

How  it  is  tliat  the  glycogen,  which  is  so  rapidly  con- 
verted into  grapo  sugar  by  the  liver  ferment  after  death, 
escaj>es  such  rapid  conversion  dtiiing  life  lias  not  boon 
satisfactorily  answered.  Two  possible  reasons  readily  sug- 
gest themselves;  tho  liver  ferment  may  bo  only  produced 
by  dying  hepatic  cells;  or  tho  glycogen  in  the  living  cell 
may  not  exist  free,  but  combined  with  other  portions  of  the 
cell  substimco  so  as  to  be  protected;  while,  after  death, 
post-mortem  changes  may  rapidly  liberate  it  in  a  condition 
to  be  acted  upon  by  the  ferment. 

Diabetes.  The  study  of  this  disease  throws  some  light 
upon  the  history  of  glycogen.      Two  distinct  varieties  of  it 
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are  known;  one  in  which  sugar  appean  in  ihe  nrisv  only 

when  the  patient  takes  carbohydrate  foods;  the  other  in 
which  it  is  still  excreted  when  he  takes  no  aach  fooda,  and 
must  therefore  form  sugar  in  his  Body  from  tobataucoa  not  at 
all  chemically  allied  to  it  The  moat  probable  aonrce  of  tha 
sugar  in  the  latter  case  is  proteids;  since  some  gljcogen  ii 
found  in  the  livers  of  animals  fed  on  proteids  only, while  Diti 
alone  give  none  of  it.   In  some  complex  way  the  proteid  mole- 
cule would  appear  to  split  up  in  the  Urer  into  a  highly  nitro* 
gcuizcd  port  (urea  or  an  antecedent  of  nrca)  and  a  non- 
azotizcd  part,  gljcogen.    On  this  view  the  more  sereiBform 
of  diabetes  would  bo  due  to  an  increased  activity  of  a  nonnal 
proteid-decomposing  function  of  the  hepatic  cella;    and 
sometimes  tlio  urea  and  sugar  in  the  nrino  of  diabetici 
rise  and  fall  together,  thus  seeming  to  indicate  a  com- 
munity of  origin.      Diabetes  dependent  on  carbohydrate 
food  might  be  produced  in  several  ways.    The  liver-ceUi 
might  ccusc  to  stop  the  sugar  and,  letting  it  all  pass  on  into 
tlic  general  circulation,  suffer  it  to  rise  to  such  a  percentage 
in  the  blood  after  a  meal,  that  it  attained  the  proportion  in 
which  the  kidneys  pass  it  out;  or  the  tissues  might  cease  to 
use  their  natural  amount  of  sugar,  and  this,  sent  on  steadily 
out  of  the  liver,  at  last  rise  in  the  blood  to  the  point  of  ex- 
cretion.     Or  the  liver  might  transform  (into  glucose)  and 
pass  on  its  glycogen  faster  than  the  other  tissues  used  it» 
and  so  diabetes  might  arise;  but  this  would  only  be  tem- 
porary, lasting  until  the  liver  stock  was  nsed  np  by  the 
rapid  conversion.      Artificially  we  can,  in  fact,  produce 
diabetes  in  several  of  these  ways;  curari  poisoning,  for  ex- 
ample, paralyzing  the  motor  nerves,  makes  the  skeletal 
muscles  lie  completely  at  rest,  and  so  diminishes  the  glyco- 
gen consumption  of  the  Body  and  produces  diabetes.     Car- 
bon monoxide  poisoning  produces  diabetes  also,  prcsnmablv 
by  checking  bodily  oxidation.    Finally,  pricking  a  certain 
spot  in  the  medulla  oblongata  causes  a  temporary  diabetes. 
This  may  be  due  to  the  fact  that  the  operation  injures 
that  port  of  the  vaso-motor  centre  which  controls  the  mus- 
cular coat  of  the  hepatic  artery;  this  arteiy,  then  dilating, 
carries  so  much  blood  through  the  liver  that  an  ezceaa  of 
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glycogen  iBtumed  into  glucose  in  a  given  time,  and  carried  off 
by  tlie  hepatic  veins.  If  the  spluuclinic  nerves  be  cut  the 
wliole  arteries  of  theabdorainal  visceradilatoand  no  diabetes 
followd.  because  so  many  vessels  being  dilated  a  great  part 
of  the  blood  of  the  Body  accumulates  in  them,  and  there  is 
no  noticeably  increased  flow  througli  the  liver.  Others, 
however,  maintain  that  the  **j)igi'(re'*  diabetes  (as  that  due 
to  i)ricking  the  medulla  is  called)  is  due  to  irritation  of 
trophic  nerve-librcs  originating  there,  and  governing  the 
rate  at  which  the  livor-cella  produce  glycogen  or  convert  it 
into  glucose.  This  latter  view,  though  perhaps  the  less 
commonly  accepted,  is  probably  the  more  correct.  The 
hepatic  cells  do  not  mereiy  lioUi  back  glucose  carrie<l 
through  the  liver  so  that  it  is  there  to  be  washed  out  by  a 
greater  blood-flow,  but  they  feed  on  glucose  and  protcids 
and  make  ;ilycogcn;  and  lliis  is  later  conveitc<l  into  glucose 
and  carried  off.  Glycogen  is  thus  comparable  tu  the  zymo- 
gen of  the  panci'cas  and  other  glands  (Cha)).  XVIII.);  and 
the  transformation  of  sucli  bodies  into  tlic  specific  element 
of  a  secretion  wc  have  already  seen  to  be  directly  under  the 
contrul  of  Ihe  nervous  systom,  and  almost  entirely  or  quite 
independent  of  the  blood-flow. 

Tho  History  of  Fats.  While  glycogen  forms  a  reserve 
store  of  material  which  issubjcct  to  rapid  alterations,  deter- 
mined by  nical-timcs,  tbc  fats  are  much  more  stable;  their 
periods  of  fluctuation  arc  regulatcn]  by  days,  weeks,  or 
months  of  gootl  or  bud  nutrition,  and  during  starvation  they 
arc  not  so  ix'adily,  or  at  least  so  rapidly,  called  upon  as  the 
hepatic  glycogen.  If  wo  c;irry  on  the  simile  by  which  wc 
compared  the  reserve  in  each  cell  to  pocket-money  (p.  31), 
the  glycogen  would  answer  somewhat  to  a  balance  on  the 
right  side  with  a  man's  hanker;  while  the  fat  would 
represent  assets  or  sccnritios  not  so  rapidly  realizable;  as 
capital  m  busine.«,  or  the  cargoes  afloat  in  the  argosies  of 
Antonio,  tho  "Merchant  of  Vouicc."  Fat,  in  fact,  is 
slowly  laid  down  in  fat-cells  and  surrounded  in  these  by  a 
cell-wall,  and,  being  itself  insoluble  in  blood  jjlasnui  or 
lymph,  it  must  undergo  chemical  changes,  which  no  doubt 
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require  some  tim^,  before  it  can  be  taken  into  Uic  Mood 
nnd  carried  off  to  other  parts. 

When  adipose  tissue  is  developing  it  ia  seen  that  nndrf- 
fercntiuted  cells  in  the  connective  tissues  (especially  areolar) 
show  miinitc  oil-drojia  iu  their  protoplasm.  These  increafie 
in  size  and,  uUimutcly,  fuse  together  and  form  one  liirger 
oil-droplet,  while  most  of  the  original  protoplasm  di^ 
appears. 

The  oily  mutter  would  thus  eeem  due  to  a  chemical 
metamorphosis  of  the  cell  protoplusm,  during  which  itgires 
rise  to  a  non-azotizcd  fatty  residue  which  remains  behind, 
and  a  highly  nitrogcnons  part  which  is  carried  off.  In 
niuny  parts  of  tlie  Body  protoplasmic  masses  are  snbjeci  to 
a  similur  but  less  complete  metamoiTihosis;  fatty  degenera- 
tion of  the  heart,  for  example,  is  a  more  or  less  extensive 
replacement  of  the  proper  substance  of  its  muscular  fibres 
by  fat-droi)lcts;  and  the  cream  of  milk  and  the  oily  matter 
of  the  Bcbuccoua  secretion  are  due  to  a  similar  fatty 
degeneration  in  gland-(rells.  Moreover,  careful  feeding  ex- 
l>eriments  nndoiibtediy  show  that  fat  can  come  from  pro- 
toids;  when  nn  iinimul  is  very  richly  supplied  with  thcM 
all  the  nitrogen  taken  in  them  reajtpcars  in  its  execretions, 
but  all  the  carbon  does  not;  it  is  in  part  stored  in  the  Body: 
and,  since  sucli  feeding  produces  but  Uttle  glycogen,  this 
carbon  can  only  be  stored  as  fat. 

While  there  ie.  then,  no  doubt  that  some  fat  may  have  a 
proteid  origin,  it  is  not  certain  that  all  has  such.      During 
digestion  a  great  deal  of  fat  is  ordinarily  absorbed,  in  a 
ciiemically  nnchangod  state,  from  the  alimentary  canal;  it 
is  merely  emulsified  and  carried  off  in  minute  drops  by  the 
chyle  to  be  poured  into  the  blood:   and  thia  fat  might  be 
directly  deposited,  as  such,  in  adipose  tissue.      There  are, 
however,  good  reasons  for  supposing  that  all  the  fat  in  the 
Body  is  manufactured.     The  fat  of  a  man,  of  a  dog,  and  of  a 
cat  varies  in  the  proportions  of  palmatin,  stearin,  margarin>  ^_ 
and  olcin  in  it:  and  varies  in  just  the  same  way  if  all  be  fed  on^f 
the  same  kind  of  food,  which  could  not  bo  the  case  if  the^^ 
fat  eaten  were  simply  deposited  unclxanged.      Moreover,  if 
an  animal  be  fed  on  a  diet  containing  one  kind  of  fat  only. 
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Bay  olein,  but  a  very  slightly  increased  percentage  of  that 
l>articuhir  fiitty  substance  is  found  in  iU  adipose  tissue, 
Avhieh  goes  to  show  thiit  if  fats  come  from  fnts  eaten,  these 
latter  are  first  pulled  to  bits  by  the  living  co]U  and  built  up 
again  into  the  forms  nornaal  to  the  animal;  so  that,  even  with 
fatty  food,  the  fats  stored  up  seem  to  be  in  most  part 
manufactured  in  the  Body. 

In  still  annther  way  it  is  proved  that  fats  c^n  be  constructed 
in  the  Body.  In  animals  fed  for  slaughter,  the  total  fut 
stored  up  in  them  during  the  process  is  greatly  in  excess 
of  that  taken  with  their  food  during  the  same  time.  For  ex- 
ample, a  fattening  pig  may  store  up  nearly  Q\e  hundred 
ports  of  flit  for  every  hundred  in  its  food,  and  this  fut 
must  be  made  from  proteidsor  carbohydrates.  Whether  it 
can  corao  from  the  latter  is  still  perhaps  an  open  question; 
for,  while  all  fattening  foods  are  rich  in  starch  or  similar 
bodies,  there  are  considenible  chemical  difficulties  in  sup- 
posing an  origin  of  fats  from  such;  and  it  is  on  the  whole 
more  probiible  that  they  simply  act  by  sparing  from  use 
fats  simultaneously  formed  or  stored  in  the  body,  and 
which  would  have  otherwise  been  called  upon.  They  make 
glycogen,  and  this  shelters  the  fats.  Liebig,  indeed,  in  a  very 
celebrated  discussion,  maintained  that  fat^  were  farmed 
from  carbohydrates.  He  showed  that  a  cow  gave  out  more 
butter  in  its  milk  than  it  received  fats  in  its  food;  and 
Hubor,  the  blind  naturalist,  showed  that  bees  still  made 
wax  (a  fatty  body)  for  a  time  when  fed  on  pure  sugar;  and 
indefinitely  when  fed  on  honey.  Consequently,  for  a  long 
time,  an  origin  of  fats  from  carbohydrates  was  supposed  to 
be  proved;  but  their  possible  origin  from  proteids  (a  possi- 
bility now  shown  to  be  a  certainty)  was  neglected,  and  the 
validity  of  the  above  proofs  of  their  carbohydrate  origin  is 
thus  upset.  The  cow  may  have  macle  its  butter  from  proteids; 
the  bees,  fed  on  sugar,  their  wax  for  a  time  from  proteids 
in  their  IxKiiea already;  and,  indefinitely^  when  fed  on  honey, 
from  the  proteids  in  that  snb:stiince.  Moivover,  animals 
(dncks)  fed  on  abundant  rice,  which  contains  much  carbo- 
hydrate but  very  little  proteid  or  fat,  iximain  lean;  while  if 
some  fat  be  added  they  lay  up  fat. 
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Persona  who  ffttten  cattle  for  the  butcher  find  tlial  tb4 
foods  useful  for  the  purpose  all  contjiin  proteids,  cai'Lohj- 
dinites,  and  fats,  aud  that  rapid  futteniug  is  only  obtained 
with  foods  containing  a  good  deal  of  fat;  as  oilcuke,  niilk, 
or  Indian  corn.  Taking  all  the  facts  into  account  wo  ehal] 
prolmbly  not  be  wrong  in  concluding  that  jiearly  all  lh« 
bodily  fat  is  manufactured  cither  from  fats  or  proteids; 
from  fats  easier  than  from  anything  elsc»  but  when  much 
proteid  is  eaten  Home  is  made  from  it  also.  Carlx»hydrates 
alone  do  not  fatten;  the  animal  body  cannot  make  its  pal- 
matin,  etc.,outof  them.  Nevertheless  they  are,  indirectly, 
important  fatt.ening  foods  when  given  with  others,  sincep 
being  oxidized  instead  of  it,  they  protect  the  fat  formed. 

Dietetics.  Tiiat  '*  one  man's  meat  may  Ix?  imotber 
man's  poison"  is  a  familiar  saying,  aud  one  that,  no  donbti 
expresses  a  certain  amount  of  trath;  bat  the  difference 
]>robab]Y  depends  on  the  varviug  digestive  powers  of  indi- 
viduals rather  than  on  peculiarities  in  their  laws  of  cell 
nutrition:  all  need  ])rGtty  much  the  same  amount  of  pro- 
teids, fats,  and  carbohydrates  for  each  kilogram  of  body 
weight;  but  all  cannot  digest  the  same  varieties  of  them 
ecjually  well  :  while  many  foods  have  peculiar,  almost 
I>oisonou8,  effects  on  some  i>crsons.  A  good  many  peojtle 
ai*e  made  ill  by  mutton,  which  tho  majority  digest  better 
than  beef. 

The  proper  diet,  too,  will  necessarily  vary,  at  least  as  to 
amount, with  tho  work  done;  whether  it  should  vary  in  kind 
with  the  nature  of  the  work  is  not  so  certain.  Provided  a 
man  gets  enough  proteids  to  balance  those  lost  in  the  wear  and 
tear  of  his  tissues,  it  probably  matters  little  whether  he  gets 
for  oxidation  and  tho  liberation  of  energy  either  fats  or  car- 
bohydrates, or  even  excess  of  proteids  themselves;  any  one  of 
the  three  will  allow  him  to  work  either  his  brain  or  his  mnsc1es« 
and  to  mutntain  his  temperature.  Prot<?ids,  however,  arc 
wasteful  foodn  for  mere  energy -yielding  purposes:  in  the  first 
jilaee,  they  are  more  costly  than  the  others;  secondly,  thcT 
are  incompletely  oxidized  in  the  Body;  and,  thirdly,  it  It 
probably  more  laborious  to  the  system  to  get  rid  of  nrea  than 
of  the  carbon  dioxide  and  water,  which  alone  are  yi< 
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the  oxidation  of  fats  and  carbohydinites.  Between  fats  and 
c;irbohydi*ate3 similar consulemtions  load  to  u  ua*  of  the  latter 
when  practicable:  starch  is  more  easily  utilized  in  the  Body 
than  fats,  as  shown  by  the  manner  in  which  it  prolecU  the 
latter  from  oxidation;  and  a  given  weiglit  of  starch  fully 
oxidized  in  the  Body  will  liberate  about  one  half  as  much 
energy  as  the  same  amount  of  butter,  while  it  costs  consider- 
ably less  than  half  the  money.  Probably,  too,  starch  is 
luore  easily  digested  llian  fat«;  at  least  by  many  people: 
children  especially  arc  apt  to  be  fond  of  starchy  or  sac- 
charine foods  and  tu  loathe  fats;  and  the  appetite  in  such 
cases  is  a  good  guide.  As  a  nice,  too,  the  American  people 
differ  markedly  from  the  English  in  tlieir  love  of  sweet 
foods  of  all  kinds;  whether  this  is  correlated  with  their 
characteristic  activity,  calling  for  some  food  that  can  be 
rapidly  used,  is  an  tnteres-ting  question,  to  which,  however, 
It  would  be  rash  to  give  at  present  an  affirmative  anyvver. 

It  is  clear,  therefore,  that  no  general  rules  forcvery  one's 
diet  can  be  laid  down;  but  still  on  broad  principles  the 
best  diet  would  be  that  which  conUincd  just  the  amount  of 
proteid  necessary  for  tissue  repair,  and  so  much  carbo- 
hydrates as  could  be  well  digested,  the  balance  needed,  if 
any,  being  made  up  by  fats.  Snch  a  food  would  be  the 
cheapest;  that  is  the  supplying  of  it  would  call  for  less  of 
the  time  and  energy  of  the  nation  using  it,  and  leave  more 
work  to  spare  for  other  pursuits  than  food  production — 
for  all  the  arts  which  make  life  agreeable  an<J  worth  living, 
and  which  elevate  civilized  man  above  the  merely  material 
life  of  the  savage  whose  time  is  devoted  to  catching  and  eat- 
ing. We  have  high  authority  for  saying  that  man  does 
not  live  by  bread  aluiio;  in  other  words  !iie  highest  develop- 
ment IS  impossible  when  he  is  totally  absorbed  in  "  keeping 
body  and  soul  together,"  and  the  more  labor  that  can  be 
spared  from  getting  enough  food  the  better  chanco  has  ho, 
if  he  use  his  leisure  riglitly,  of  heeoming  a  more  worthy 
Diau.  While  there  is,  thus,  a  theoretically  best  dict^  it  is 
nevertheless  im])ossiblc  to  say  what  that  is  for  each  indi- 
Tidual;  but  what  the  general  esponence  is  may  bo  ajiproxi- 
mately  gathered  by  taking  an  average  of  the  dictariciS  of  a 
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number  of  ptiblic  institadoiu  in  which  the  hnlth  of 
people  is  maintained  as  economically  as  possible.  Siibh  ai 
examination  made  by  Moleschott,  gives  na  as  its  zemttadk 
containing  daily — 

Proteids. 80  gnma  or  485  gnina. 

Fate 84      "     or  1,800      " 

Amyloida 404      "      or  0,888      « 

Baits. 80      "     or  465      " 

Water. 8800      "     or  48,400      " 

People  in  easy  circnmstanoes  take  as  a  rnle  moie  proteidi 
and  fats  and  less  amyloids;  and  this  selection,  when  i 
choice  is  possible,  probably  indicates  that  such  a  diet  ia  tlM 
better  one:  the  proteids  in  the  above  table  aeem  especial^ 
deficient. 


CHAPTER  XXIX. 

THE  PRODUCTIOX  AND  REGFLATION  OF  THE 
UEAT  OF  THE  BODY. 


Cold-  and  Warm-Blooded  AnimalB.  All  animals,  so 
loag  as  they  are  alive,  aiv  tla*  soat  uf  ciiemieal  changes  by 
which  heat  is  liberated;  heuceall  tend  to  bt somewhat  wai'tner 
than  tlK'ir  ordinary  surroundin^.«.  though  the  difference  may 
not  be  noticeable  unless  the  heat  production  is  considerable. 
A  frog  or  a  fish  is  a  little  hotter  than  the  air  or  water  iti 
which  it  lives,  but  not  much;  the  little  heat  that  it  pro- 
dacee  is  lost,  by  radiation  or  couductiiin,  almost  at  once. 
Hence  such  auimula  have  no  proper  temppnttiii'e  of  their 
own;  on  a  warm  day  they  are  warm,  ou  a  cold  day  cold, 
and  are  accordingly  knowii  as  chaittjmbh'tempfratured 
(poikilO'fhermous)  or,in  ordinary  language,  "*  cold-blooded" 
animals,  Man  and  other  mammals,  as  well  as  birdn.  on  the 
contrary,  are  the  seat  of  very  active  cliemical  changes  by 
which  much  heat  is  produced,  and  so  mmutaiu  a  tolerably 
uniform  tem]>erature  at  their  own,  much  as  a  Bro  docs 
wliether  it  be  btirniiig  in  a  wanu  or  a  caUl  room;  the  heat 
production  during  ariy  given  time  balancing  t!  e  loss  a  nor- 
mal hotly  temperature  ia  maintained,  and  usually  one  con- 
siderably higher  than  that  of  the  medium  in  which  they 
live;  such  animals  are  therefore  known  as  animals  of  con- 
stant temjK'raiure  (homo-fhermonx)^  or  more  commonly 
**  warm-blooded"  animals.  The  latter  name,  however,  does 
not  properly  express  the  facts;  a  lizard  basking  in  the  sun 
on  a  warm  summer's  day  may  be  nearly  as  hot  as  a  man 
usually  is;  but  on  the  cold  day  the  lizard  becomes  cold, 
while  the  average  temperature  of  the  healthy  Human  Bodyl 
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is,  within  a  degree,  the  same  in  winter  or  samnier; 
the  arctic  circle  or  on  the  equator. 

Moderate  warmth  accelerates  protoplasmic  actiTitj;  coi 
])ar6  a  frog  dormant  in  the  winter  with  the  same  anii 
active   in  the  warm  months:    what  is  true   of  the  wbt 
frog  is  Irue  of  each  of  its  living  cells.     Its  muscles  coni 
mure  nipidiy  when  warmed,  and  the  white  corpnsclesi  of 
blood  whcu  heated  up  to  the  temperature  of*tho  Humi 
J^ody  arc  seen  (with  the  microscope)  to  exhibit  much  m* 
active  amccboid  movements  than  they  do  at  the  temi>ei 
ture  of  frog's  blood.     In  summer  a  frog  or  other  col^ 
blooded  animal  uses  much  more  oxygen  and  ctoItcs  mot 
more  carbon  dioiide  than  in  winter,  as  shown  not  only 
direct  measurements  of  its  gaseous  exchanges,  but  hv  tJ 
fiftct   that  in  winter  a  frog  can  live  a  long  time  after  i( 
lungs  liave  been  removed  (being  able  to  breathe  suffieiejiU] 
through  its  moist  skin),  while  in  warm  wc4tther  it  die€ 
aspliyxia   very  soon   after   the  same   loss.      The   wanot 
weather  puts  its  tissncs  in  a  more  active  state;  and  so  tl 
amount  of  work  the  animal  does,  and  therefore  the  amot 
of  oxygon  it  needff,  depend  to  a  great  extent  upon  the  tem- 
perature of  the  medium  in  which  it  is  living.      With  ibe^ 
warm-blomled  animal  the  reverse  is  the  case.     It  alwav? 
keeps  up  its  temperature;  to"  that  at  which  its  tissues  liu' 
best,  and  accordingly  in  coXA  weather  uses  more  oxygen  ami 
Bets  free  more  carbon  dioxide  Injcause  it  needs  a  more  actiit? 
internal  e<»mbuKtiou  to  compensate  for  its  greater  loss**/ 
heat  to  the  exterior.     In  fact  the  living  tissucB  of  a  mu 
may  be  twmpared  to  hothouse  phints,  living  in  nn  artifici- 
ally  maintained   temperature;  but   they  dilTer    from   ih/ 
plants  in  the  fact  that  they  themselves  jiro  the  seats  of  Ibi* 
combastions  by  which  the  temperature  is  kept  up.     Sina-. 
within  wide  limits,  the  Human  Body  retains  the  same  tem- 
perature no  matter  whether  it  be  in  cold  or  warm  ^ 
ings,  it  is  clear  that  it  must  )>assessan  accumtearnr 
for  hejit  regulation:  either  by  controlling  the  production"' 
heat  in  it.  or  the  loss  of  heat  from  il.  or  both. 

Tho  TomperatuTG  of  the  Body.     The  ]>art«of  the  Ridy 
are  idl  either  in  contact  with  one  another  directly  or.  i{ 
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liot,  ut  leiwt  iiuJirt'ctly  througli  tlic  blootl.  which,  flowiii^j 
from  part  to  jjurt^  carries  heat  from  warn^er  to  colder 
regions.  Thus,  although  at  one  time  one  i^roup  of  nmaeles 
may  especially  work,  liberuting  heat,  and  ut  other  times 
another,  or  the  muscles  may  be  at  re!?t  and  the  glands  the 
Beat  of  active  oxidation,  tlie  tempenitureof  the  wlutle-  Body 
i«  kept  pretty  much  the  name.  The  skin,  however,  whicli 
is  ia  direct  contact  with  extcJTiul  bodies,  usually  colder  than 
itaelf,  ia  cooler  than  the  internal  organs;  its  temperature  in 
health  is  from  36°  to  3r  C.  (90.8-98.5^  F.),  being  warmer 
in  more  protected  parts,  as  the  lioUow  of  the  urmjiit.  In 
internal  organs,  as  the  liver  and  brain,  the  tcniperature  is 
higher;  about  43*'  C.  (107°  F.)  in  healtli.  In  the  lungs 
there  is  a  certain  (piantity  of  heat  liJua'atod  when  oxygen 
combines  with  hayrnoglohin,  but  this  is  more  than  counter- 
bulanced  by  loss  of  the  heut  carried  out  by  the  expired  air 
and  that  used  up  in  evuporating  the  water  carried  out  in 
the  breath;  eo  the  blood  relnrned  to  the  heart  by  the  luil- 
monary  veins  is  slightly  colder  than  that  carried  from  tho 
right  side  of  the  heart  to  the  lungs. 

The  Sources  of  Animal  Heat.      These  are   two-fold; 
direct  and  indirect.     Heat   is  directly  produced  wherever 

'oxidation  is  taking  place;  so  that  all  the  living  tissues  at 
rest  produce  heat  as  the  result  of  the  chemical  changes  sup- 
plying them  with  energy  for  tins  maintenance  of  their 
vitality;  and  whenever  an  organ  is  active  and  its  chemical 
metamorphoses  are  incretLscd  it  becomes  hotter:  a  secretin^ 
gland  or  a  contmctiug  muscle  is  warmer  than  a  resting  one. 
Indirectly,  iieat  is  developed  by  tho  transformation  of  other 
forms  of  energy;  mainly  mechanical  work,  I»ut,  to  a  less 
extent,  also  of  electricity.  All  movements  of  parts  of  the 
Body  which  do  not  move  it  in  space  or  move  external  objects, 
;ire  transformed  into  h«it  within  it;  and  the  energy  thoy 
represent  is  lost  in  that  form.  Every  cardiac  contraction 
sets  tho  blood  in  movement,  and  this  motion  is  for  the  most 
part  turned  into  heat  within  tlic  Body  by  friction  within 
the  blood-vessels.  The  same  transformation  of  energy  occnra 
with  respect  to  the  movements  of  the  alimentary  canal,  ex- 
cept in  80  far  as  they  expel  matters  from  the  Body;  and 
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every  muscle  in  oontractiDg  lias  part  of  the  mechanical 
ener;^*  expended  by  it  turned  into  heat  by  friction  u**ainst 
neighboring  piirt^.  SiMiilutly  the  inoveiueuts  of  ciliii  and 
of  iunn«h(tid  tells  arc  for  tho  most,  part  eonvert<Hl  in  the 
liodyiuto  lifat.  The  nuiscica  and  nerves  are  also  tlie  seats 
of  manifestations  of  electricity,  which,  thongh  email  in 
amoiiJit,  for  tlio  most  part  do  not  leave  the  Body  in  that 
furm  but  are  first  converlcd  into  heat.  A  certain  amount 
of  heat  is  alec  carried  into  the  Body  with  hot  foods  and 
drinks. 

The  Energy  Lost  by  the  Body  in  Twenty-four  Hours. 
Practii^ally  8]Ji.'akiiig,  tho  Buily  only  loses  energ}'  in  two 
forms;  lis  heat  and  muchanical  work:  by  applying  conduc- 
tors to  different  parts  of  its  surface  small  amounts  of  elec- 
tricity can  be  carried  off,  but  the  UTnonnt  ifl  <pnte  trivial  in 
comparison  with  the  toinl  daily  encrgA-  exi)cnditnre.  Dur- 
ing coraplcte  rest,  that  is  when  no  more  work  is  done  than 
that  necessary  for  the  maintenance  of  life,  nearly  all  the 
loss  takes  the  form  of  heat.  The  absolute  amount  of  tliis 
will  vary  with  tho  surrounding  tern jieral are  and  other  con- 
ditions, but  on  an  average  a  nuui  loses,  during  a  day  of 
rest,  2700  calories;  that  is  enough  to-raise  2700  kilograms 
(5940  lbs.)  of  water  from  0°  to  1°  C.  (from  33°  to  33.8°  F.);' 
oilierwise  expressed.  Ihin  amount  of  heat  would  hoil  27  kilos 
(59.4  lbs.)  of  ice-cold  water.  This  does  not  quite  represent 
all  the  energy  lost  by  the  Body  in  that  time:  since  a  smalt 
proportion  ia  lost  as  meclianical  work  in  moving  the  clothes 
and  air  by  the  respiratory  movements,  and  even  by  the 
beat  of  the  heart,  which  at  each  systole  pushes  out  the 
chest-wall  a  httle  and  moves  the  tilings  in  contact  with  it. 
The  working  Body  liberates  and  loses  ninch  more  energy: 
part  as  mechanical  work  done  on  external  objects,  }»«rt  as 
inei*eased  heat  radiated  or  conducted  from  the  surface,  or 
carried  off  by  the  expired  air  in  the  rjuickened  respirations. 
Every  one  knows  that  be  becomes  warmer  when  he  takes 
exercise,  and  measurements  made  on  men  show  that  the 
heat  produced  and  lost  in  a  day  4)f  moderate  work  is  about 
one  third  greater  than  that  in  a  day  of  rest.  The  follow*. 
ing  table  gives  more  aceuratp  numbers — 
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D»y  of  Work. 


BestlShri.    SlrfpHhn.    RMtKhn.    WorkShnL  81«ep8hn. 


8790.4 


in,(B&FAh.-lb. 


87M.8 


V    beat  unica.    J 


The  mechanical  work  done  on  the  working  day,  repre- 
sented in  addition  an  expenditure  of  energy  of  213^344 
kilogrammetera,  which  is  equal  to  502  calories.  Of  the  ex- 
cess heat  in  the  working  day,  part  is  directly  produced  by 
the  increased  chemical  changes  in  the  quicker  working  he^irt 
and  respiratory  muscles,  and  the  other  muscles  set  at  work; 
while  part  is  indirectly  due  to  heat  arising  from  increased 
friction  in  the  blood-vessels  as  the  blood  is  driven  faster 
around  them,  and  to  friction  of  the  various  muscles  used. 
The  average  cardiac  work  in  twenty-four  hours  is  about 
60,000  kilogrammeters ;  that  of  the  respiratory  muscles 
about  14,000  ;  and  since  nearly  all  of  both  is  turned  Hnally 
into  heat  within  the  Body,  we  have  74,000  kilogrammeters 
of  energy  answering  to  about  174  calories  (6786  Fah.-lb. 
units)  indirectly  produced  in  He  resting  Body  daily  from 
these  sources. 

Of  100  parts  of  heat  lost  from  the  resting  Body,  about 
73  are  carried  off  in  radiation  or  conduction  from  the  skin. 
14.5  are  carried  off  in  evaporation  from  the  skin. 

7.3  "        "  ''  "  '*       **   lungs. 

3.0  "        '*  "    expired  air. 

1.8  "        "  "    in  the  excretions. 


I 


I 


In  a  day  of  average  work,  of  every  100  parts  of  energy  lost 
in  any  form  from  the  Body — 

1-3  go  as  heat  in  the  excreta. 

3^  in  hejitiug  the  expired  air. 
*^0-30  in  evaporating  water  from  the  lungs  and  skin. 
60-75  in  heat  radiated  or  conducted  from  the  surfaces  and 
in  external  mechanical  work. 


The  Superiority  of  the  Body  as  a  Working  Machine. 

During  eight  hours  of  work,  we  fimi  (table  at  top  of  puge) 
tke  B<Kly  loses  3169.6  calories  of  energy  as  heat;  and  can  do 
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simultaneously  work  equivalent  to  502  calorics.  So  oi 
the  energy  lost  from  it  in  that  time  al>out  |  may  take  th| 
form  of  meclianicul  work;  this  is  a  very  largo  proportion 
of  the  total  energy  expended,  lH?ing  a  much  higher  per- 
centage tlian  that  given  by  ordinary  machines.  The  besi 
steam-eugined  can  utilize  aj3  mechauical  work  only  aboul 
■f^^  uf  tliD  total  energy  liberated  in  them  and  lost  from 
them  in  a  given  time;  the  remainder  id  transmitted  directljf 
nA  heat  to  the  exterior,  and  ia  lost  to  the  engine  for  all  useful 
])urposes. 

The  Mainteuance  of  an  Average  Temperature.  Thig  ii 
necessary  for  the  cinitiniiiinoe  of  the  life  of  a  waiin -blooded 
animal;  should  tlie  temperature  rise  above  cerljiin  limiU 
chemical  changes,  inuompaLiMe  with  life,  occur  in  the  tb; 
sues  ;  for  example  at  about  4'j^  C.  (ItiO^  F.)  the  muscles  be- 
gin to  become  rigid.  On  the  otlier  haml  death  ensues  if  the 
Body  be  cooled  down  to  about  19'  C.  (66°  l\).  Hence  Uie 
need  for  means  of  getting  rid  of  excess  heat,  and  of  protec- 
tion from  exoessive  cooling.  Either  end  may  be  gained  in 
two  ways;  by  altering  the  rate  at  which  heat  is  lost  or  that 
at  which  it  is  produced.  As  regards  heat-loss,  by  far  the 
most  imi>ortaut  regulating  organ  is  the  skin:  under  ordi- 
nary circumstances  nearly  90  per  cent  of  the  total  heat  given 
off  from  the  Body  in  34  hours  goes  by  the  skin  (73  by  radi- 
ation and  conduction^  14.5  by  evaporation;  see  above  table). 
Tliis  loss  may  be  controlled — 

1.  By  rhihing;  we  naturally  wear  more  in  cold  and  less  in 
warm  weather  ;  the  effect  of  cU)tlu^s  being,  of  course,  not  to 
warm  the  Body  but  to  diminish  the  rate  at  which  the  hj 
formed  in  it  is  lost. 

3.  Increased  temperature  of  the  surrounding  modiui 
creases  the  activity  of  the  heart  and  lungs.  A  hastened 
circulation  by  itself  does  not  as  already  pointed  out  (p.  388) 
increase  the  general  tissue  activity  of  tlie  Body,  or  the  oxida^ 
tions  oceun'iug  in  it,  and.,  so.  apart  from  the  harder  working 
heart  itself,  does  uot  influence  the  amount  of  heat  lilK>rate<l  in 
the  Body  during  a  given  time:  but  the  more  rapid  blood-flovi 
through  the  skin  carries  mure  of  tluit  fluid  through  this  cool 
surface  and  increases  the  loss  of  heat  in  that  w 
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quickened  respirations,  too,  increase  the  evaporution  of  water 
from  the  luncjs  and,  tlius,  tho  losa  of  heat. 

3.  Warmtli  directly  dilates  the  skin-vessels  and  cold  con- 
tracts them.  In  a  warm  room  the  vessels  on  the  surface 
dilate  as  shown  by  its  redness,  while  in  a  cold  atmosphere 
they  contract  and  the  skin  becomes  pale.  But  the  more 
blood  that  flows  tkrough  the  skin  the  gi-eater  will  be  the 
heat  lost  from  the  snrface — and  xnce  vcrscu 

4.  Ilcut  induces  sweating  and  cold  checks  it;  tho  heat 
appears  to  act,  partly,  rcflexly  in  exciting  the  sweat-centres 
from  which  the  secretory  nerves  for  the  sudoriparous  glands 
arise,  and,  partly,  directly  on  those  centres,  which  are  thrown 
into  activity,  at  least  in  healtli,  as  soon  as  the  tcinpcnitiiro  of 
the  blood  is  raised.  In  fever  of  course  we  may  have  a  high 
temperature  with  a  dry  non-sweating  skin.  The  more  sweat 
there  is  poured  out,  the  more  heat  is  need  up  in  evaporating 
it  and  tho  more  the  liody  is  cooled. 

5.  Otu*  sensiUioiirt  induce  us  to  add  to  or  diminish  tho 
heat  in  the  Body  according  to  circumstances;  as  by  cold  or 
warm  baths,  and  iced  or  hot  drinks. 

As  regards  temperature-regulation  by  modifying  tho  rate 
of  he^it  production  in  the  Body  the  following  points  may  bo 
noted;  on  the  whole  such  regulation  ia  far  less  important 
than  that  brought  about  by  changes  in  the  rate  of  losa,  since 
the  necessary  vitjil  work  of  the  Body  always  necessitates 
tho  continuance  of  oxidative  processes  which  liberate  a  tol- 
erably large  quantity  of  heat.  The  Body  cannot  therefore 
be  cooled  by  diminishing  such  oxidations  ;  nor  on  the  other 
hand  can  it  be  safely  warmed  by  largely  iucrcasiug  them. 
Still,  within  certain  limits,  the  heat  production  may  h*i  con- 
trolled U)  several  ways — 

1.  Cold  increases  hunger;  and  increased  ingestion  of  food 
increase?  bodily  oxidation  as  shown  by  the  greater  amount 
of  carbon  dioxide  excreted  in  tho  hours  succeeding  a  meal. 
This  increase  is  probably  dnc  to  the  activity  into  which  tho 
digestive  organs  are  thrown. 

"i.  Cold  inclines  to  voluntary  exercise;  warmth  to  muscu- 
lar idleness;  and  the  nnu-n  tho  muscles  arc  worked  the  more 
heat  is  produced  in  the  Body. 
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3.  Cold  tends  to  produce  involuntary  niUBCular  move- 
ments, and  so  increased  beat  production;  as  chattering 
of  tlie  teeth  and  shivering. 

4.  Cold  applied  to  the  skin  increases  the  bodily  chemical 
metamorphoses  and  so  heat  production.  At  least  th»^  fem- 
])cratiire  iu  the  arrapit  rises  at  first  on  entering  a  cold  bath, 
though  the  heat  carried  off  from  the  surface  soon  overbalanced 
its  inrreasL'd  [utKluction.  The  pheuunienou  nwiy,  liowevcr. 
be  expluinod.in  uuotUer  way.  tlic  rise  being  attributed  to  u 
sudden  diminution  of  Ions  from  more  cxpoi^cd  piirtjs  of  ihc 
skin,  dependent  on  coiiLraclion  of  the  cutiincous  arteries. 
In  some  cases,  however,  the  tcmporar\'  rise  is  accompanied 
by  an  increased  excretion  of  airbon  dioxide,  which  would 
indicate  that  the  surface  cooling  docs  really  increase  the 
oxidations  of  the  Body. 

5.  Certain  drugs,  as  salicylic  acid,  and  perhaps  quinine, 
diminish  the  heiil  jiroduction  of  the  Body.  Their  mode  of 
action  is  still  nhs^curc. 

On  the  whole,  however,  the  direct  heat-regulating  me- 
chanisms of  the  Human  Body  itself  arc  not  very  efficient, 
especially  as  protections  against  excessive  cooling.  Man 
needs  to  supplement  them  by  the  use  of  clothing,  fuel,  and 
exercise. 

I«ocal  Temporaturea.  Althou'^h,  by  the  means  abo\o 
described,  a  woiuierfnllv  uniform  bodily  tempermure  i« 
maintained,  and  by  ^he  circuiting  blood  all  parU  are  kepi 
at  nearly  the  same  warmth,  variations  in  both  resi>ect8  do 
occur.  The  arrangements  for  equalization  are  not  by  any 
means  ftdly  efficient.  External  parts,  as  the  skin,  the  longs 
(which  arc  really  external  in  the  sense  of  being  in  contact 
with  the  air),  thenioutli,  and  the  nose chamlwrs,  are alwRvs 
cooler  than  internal;  and  even  a!)  parts  of  the  skin  hnxo 
not  the  same  tem|>erature,  such  hollows  as  the  armpit  being 
warmer  than  more  exposed  regions.  On  the  other  hand, 
a  secreting  gland  or  a  working  muscle  bcromes  wjirmer.  for 
the  time,  than  the  rest  of  tlio  Body,  because  more  heat  \tk\ 
liberated  in  it  than  is  carrieil  off  by  the  blood  flowing 
through.  In  such  organs  the  venous  blood  leaving  is  wj 
than  the  nrterinl  coming  to  them;  while  the  reverse  is 
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cose  with  parts,  like  the  skin,  in  which  the  blood  is  cooled. 
An  organ  colder  than  tiie  blood  is  of  course  warmed  by 
an  increase  in  its  circulation,  as  seen  in  the  local  rise  of  tem- 
perature in  the  skin  of  the  face  in  blushing. 

Thermic  Nerves.  AU  nerves,  such  as  motor  or  secre- 
tory, which  can  throw  working  tissues  into  activity  arc  in 
a  certain  sense  thermic  nerves:  since  they  excite  increased 
oxidation  and  heat  production  in  the  parts  under  their  con- 
trol. A  true,  purely  thermic  nerve  would  be  one  which 
increased  the  heat  production  in  a  tissue  without  otherwise 
throwing  it  into  activity;  and  whether  such  exist  is  still 
undecided.  Certain  phenomena  of  disease,  however,  seem 
to  render  their  existence  probable.  If  we  return  for  a 
moment  to  our  former  comparison  of  the  working  Body  to 
a  st<'am-euginc,  such  nerves  might  be  regarded  as  agencies 
increasing  its  rate  of  i*nsting  without  setting  it  at  work. 
The  oxidation  of  the  iron  would  develop  some  heat,  but  by 
processes  useless  to  the  steam-engine,  although  such  are, 
in  moderation,  essential  to  living  cells;  the  vitality  of 
these  even  when  at  rest,  seems  to  necessitate  a  constant, 
if  emails  breaking  down  of  their  substance.  In  an  amoeboid 
cell  no  doubt  such  processes  occur  quite  independently  of 
the  nervous  system;  but  in  more  differentiated  tissues  they 
may  be  controlled  by  it  Just  as  a  muscle  does  not  nor- 
mally contract  unless  excited  through  its  nerve,  although 
a  while  blond  corpuscle  does,  so  may  the  natural  nutritive 
processes  of  the  muscle-fibre  in  its  resting  condition  be  de- 
pendent on  the  nerves  going  to  it.  If  these  be  abnormally 
excited  the  muscle  will  break  down  its  protoplasm  faster 
than  it  constructs  it,  and  consequently  waste;  at  the 
same  time  the  increased  chemical  degradation  of  its  sub- 
stance will  elevate  its  temperature.  Febrile  condition^,  in 
which  many  tissues  waste,  without  any  unusual  manifesta- 
tion of  their  normal  physiological  activity,  would  thus  be 
readily  accounted  for  as  due  to  euperexcitation  of  the 
thennic  nerves.  Moreover,  it  is  found  that  lesions  or  sec- 
tions of  the  spinal  cord  are  followed  by  a  rise  in  the  tem- 
re  of  those  parU  of  the  Body  supplied  with  nerves 
mg    below  the    diseased   or  divided    portion.      X 
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division  of  the  Bpinal  cord  in  two  wuys  tends  to  lower  the 
temperature  of  parts  below  the  injury:  in  the  first  place, 
the  musclpa  are  paralyzed  and  so  a  great  source  of  heat  U 
cut  off;  and  in  the  second,  the  vaso-motor  nerves  traveling 
down  from  the  medullary  centre  ai"e  cut,  and  hence  the 
skin  arteries  behind  the  section  dilate  and  carry  more  blood 
to  the  surface  to  l>e  cooled.  To  exphuu  the  rise  of  tcm- 
pemturo  it  has  therefore  been  concluded  that  there  are 
tme  thermic  centres  in  the  spinal  cord,  which  centres,  like 
others  in  that  organ  (Chap.  XXXV.),  are  held  in  check  or 
inhibited  by  brain-centres;  when  the  controlling  inlluence 
of  the  latter  is  removed  the  former  may  excite  excessive  oxida- 
tions in  the  ti^^sues  to  which  they  are  distributed,  and  so 
produce  the  rise  of  temjierature.  The  i)roof,  however,  is 
not  complete;  for  the  raised  temperature  may,  nft«r  all,  be 
due  merely  to  an  excessive  supply  of  blood,  warmed  else- 
where in  the  B<xly,  to  the  dilated  Tossels  of  the  part. 

Clothing,  To  man.  as  social  animal,  endowed  with 
moral  feelings,  clothing  has  certain  uses  in  the  interests 
of  moniiity:  but  for  such  purposes  the  amount  necessary  is 
not  great,  as  we  find  in  many  tribes  living  in  Avarm  climatee. 
Except  in  tropical  regions,  however,  clothing  has  lu  addi- 
tion an  important  jihysiological  use  in  regulating  the  bodily 
temperature.  While  the  majority  of  other  warm-blooded 
animals  have  coats  of  their  own,  formed  of  hairs  or  feathers, 
over  most  of  man's  Body  his  capillary  coating  is  merely  rudi- 
mentary and  has  lost  all  [ibysiological  importance;  and  so 
he  has  to  protect  himself  by  artificial  garments,  which 
his  aesthetic  sense  has  led  him  to  utilize  alao  for  purposes  of 
adornment,  Ilere,  however,  we  must  confine  ourselves  to 
clothes  from  a  physiological  point  of  view.  In  civilized 
societies  every  one  is  required  to  cover  most  of  his  Body 
with  something,  and  the  question  is  what  is  the  best 
covering;  the  auswer  will  vary,  of  course,  with  tlie  climatic 
conditions  of  the  country  dwelt  in.  In  warm  regions, 
clothing,  in  general  terms,  should  allow  free  radiation  or 
conduction  of  heat  from  the  surface;  in  cold  it  should  da 
the  reverse;  and  in  temperate  climates,  with  varying  tem- 
peratures, it  should  vary  with  the  season.     If  the  surfacf 
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^^^xiy  be  exposed  so  that  currents  of  air  can  fruoly 
tm?iWMe  it  much  more  heat  will  be  carried  otT  (under 
tliose  usual  conditions  in  wl)ich  the  air  is  cooler  than  Lho 
tikiu)  than  if  a  stationary  layer  of  air  l>e  maintained  in  con- 
tact with  the  su]*faoo.  As  every  one  knows»  a  ** draught" 
cools  much  f&^ter  than  air  of  the  same  tcm]H^ratare  not  in 
motion.  All  clothing,  therefore,  tends  to  keep  up  the 
temperature  of  the  Body  by  checking  the  renewal  of  the 
layer  of  air  in  contact  witli  it.  Ajmrt  from  this,  however, 
clothes  fall  into  two  great  groups;  those  wliich  arc  g0(»d,  and 
those  which  are  bad,  coudnctorscf  heat.  The  former  allow 
changes  in  the  external  temperature  to  cool  or  heat  rapidly 
the  air  stratum  in  actual  contact  with  the  Body,  while  the 
latter  only  permit  these  changes  to  act  more  slowly.  Of 
the  materials  used  for  clothes,  linen  is  a  good  conductor: 
calico  not  quite  so  good;  and  silk,  wool,  and  fur  are  bad 
conductors. 

Wlienever  the  surface  of  the  Body  is  suddenly  chilled 
the  Bkin-vesjels  are  contracted  and  those  of  interntil 
parts  reflexly  dilated ;  hence  intertial  organs  tend  to 
become  cong^slefU  a  condition  which  readily  passes  into  the 
diseased  state  known  as  inflammntion.  When  hot,  therefore, 
the  most  unadvisable  thing  to  do,  is  to  sit  in  a  draught, 
throw  off  the  clothing,  or  in  other  ways  to  strive  to  get  sud- 
denly cooled.  Moreover,  while  in  the  American  summer  it 
is  tolerably  safe  to  wear  good-conducting  garment.*,  and  few 
people  take  cold  then,  this  is  by  no  means  i^afe  in  (be 
spring  or  autumn,  when  the  temperature  of  the  air  is  apt 
to  vary  considerably  within  the  course  of  a  dny.  A  person 
going  out,  clad  only  for  a  warm  morning,  may  have  to  re- 
turn in  a  very  much  colder  evening;  and  if  his  clothes  be  not 
such  as  to  prevent  a  sudden  surface  chill,  will  get  off  lightly 
if  he  only  *'t4ike"  one  of  the  colds  so  prevalent  at  those 
seasons.  In  the  great  majority  of  cases,  no  doubt,  he  suiters 
nothing  worse,  bnt  many  persons,  especially  of  the  female 
sex,  often  acquire  far  more  serious  diseases.  When  sndden 
changes  of  tempcniture  are  at  all  jirobablc,  even  if  the  ]n*o 
vailing  weather  be  warm,  the  trunk  of  the  Body  shouM 
be  always  protected  by  some  tolerably  close-fitting  garment 
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CHAPTER    XXX. 


SENSATION  AND  SENSE-ORGANS. 


The  Subjective  FimctionB  of  the  Nervous  Syotem. 
Clianges  in  many  parts  of  our  Bodies  are  accompanied  or 
followed  l>y  those  states  of  consciousness  which  we  call  sen- 
sations.  All  such  sensitive  parts  are  in  connection,  direct 
or  indirect,  with  the  brain,  by  certain  afferent  nerve-fibres 
called  sennort/.  Since  all  feeling  is  lost  in  any  region  of  the 
Body  when  this  connecting  path  is  severed,  it  is  clear  that 
all  sensations,  whatever  their  primary  exciting  cause,  are 
linally  dependent  on  conditions  of  the  central  nervous  sys- 
tem. Hitherto  we  have  studied  this  as  its  activities  are 
revealed  through  movements  which  it  excites  or  prevents; 
we  have  seen  it,  directly  or  reflexly,  cause  mu3cles  to  con- 
tract, glands  to  secrete,  or  the  pulsations  of  the  heart  to 
cease;  we  have  viewed  it  objectively,  Jis  a  motion-regulating 
apparatus.  Now  we  have  to  turn  to  another  side  and  con- 
sider it  (or  parts  of  it)  as  influencing  the  states  of  conscious- 
ness of  its  possessor:  this  study  of  the  suhjecfive  activities 
of  the  nervous  system  is  one  of  much  greater  difficulty. 

It  may  be  objected  that  considerations  concerning  states 
of  feeling  hove  no  proper  place  in  a  treatise  on  Anatomy 
and  Physiology;  that,  since  we  cannot  form  the  beginning 
of  a  conception  how  a  certain  state  of  the  nervous  system 
causing  the  feeling  redness,  another  the  feeling blneness,  and 
a  third  the  emotion  anger,  all  examination  of  mental  phe- 
nomena should  be  excluded  from  the  sciences  dealing  with 
the  structure  and  properties  of  living  things.  But,  although 
we  cannot  imagine  how  a  nervous  state  (neurosis)  gives  rise 
to  a  conscious  state  (psychosis)^  we  do  know  this,  that  dis- 
tinct phenomena  of  consciousness  never  come  under  ou 
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observation  upart  fmtii  a  nervous  system,  and  ao  are  pre- 
Hnmiibly,  in  suim.'  svity,  L-ndownionts  of  it;  we  urc^  therefore. 
jiiHtJli<Ml  in  t'filliiig  tlieni  ]>njpertics  of  the  nervous  system; 
utid  tiieir  cxaniiuation,  uspecidly  with  res]iect  to  whut 
iu*rve-piU'Ls  art!  eoneerni'd  wjiii  ditTerciit  menial  states,  and 
wfiut  ehjinfTos  in  thi;  fnrniei-  are  as.soeiak'd  with  given  pbe- 
noiuciiu  ill  the  luLtor,  funu^^  projierl_v  a  part  of  Phvaiology. 
Whether  muijses  of  protuphisin,  before  the  differentiation  of 
delinite  iierve-tissuce,  possess  some  ill-detined  sort  of  con- 
sciousness, as  tlicy  poysofrs  \\\\  iiidefjuito  contractility  l>efore 
tht-y  ha\e  been  uiodilied  into  museiiliLr  tilfres,  may  for  die 
present  Ix?  left  undecided:  though  those  who  accept  the  doc- 
ti'innof  evohition  will  bo  inclined  to  assent  to  the  proposition. 

While,  however,  the  Pliysiologist  has  a  right  to  be  heard 
on  fjuestioiis  relating  to  our  mental  faculties,  it  is  never- 
theless true  tluit  many  laws  of  thought  have  been  esta- 
blished coucemiug  which  our  present  knowledge  of  the 
laws  of  the  nervous  system  gives  ns  no  clue;  the  science  of 
Psychology  lias  thus  a  well-founded  claim  to  un  independent 
existence.  But,  in  so  fiu*  as  its  results  are  confined  merely 
to  the  successions  and  connections  of  mental  states,  as  estab- 
lished by  observation,  they  are  merely  descriptions,  and  not 
cxplnniitinns  in  a  scicntilic  sense:  we  know  that  so  manv 
mental  phenomena  have  neccssiiry  material  antecedents  and 
concomitants  in  nervous  changes,  that  wo  arc  justified  in 
believing  that  all  have  such,  and  in  continuing  to  seek  for 
them.  We  do  not  know  at  all  how  an  electric  current  sent 
round  a  bar  of  soft  iron  makes  it  magnetic;  we  only  know 
that  the  one  change  is  accomimnied  by  the  other;  but  wc 
say  wc  have  explained  the  magnetism  of  a  piece  of  iron  if 
wo  havG  ftuind  an  electric  current  circulating  around  it. 
Similarly,  wo  do  not  know  huw  a  nervous  change  cuu&c$  a 
mental  state,  but  we  have  not  explained  tho  mental  Rtatc 
until  wc  have  found  the  nervous  state  associated  Tvith  i( 
and  how  that  nervous  state  was  produced. 

As?  ynt  it  is  only  with  respect  to  some  of  the  simplest 
ctates  of  couscioasrc.ss  that  wc  know  much  of  the  necessary 
physiological  anlecedents,  and  among  these  our  a^nsations 
Lrc  tho  best  investigated.      As  regards  Each  mental  pheno- 
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ni?a.a  iw  the  Associatiun  of  Ideas,  and  Memory,  phvHio- 
logy  can  give  iis  some  light;  but  w>  far  as  otliers,  such  as  the 
Will  and  tlie  Emotions,  are  concerned,  it  has  at  present  little 
to  otTer.  The  phenomena  of  Sensation,  thereforo,  occupy 
at  present  a  much  larger  |K)rtion  of  physiological  works 
than  nil  oHier  mental  tads  pnt  together. 

Common  Sensation  and  Org^ans  of  Special  Senae.  A 
sensory  nerve  is  one  wJiich.  wlien  stimulated,  arouses,  or 
may  arouse,  n  aenHation  in  its  ixjssessor.  The  slimulitnt  is! 
in  all  cases  some  fortn  of  motion,  molar  {e.g,  mcclmnical 
pressure)  or  molecular  (as  otiiereal  vibrations  or  c]iemic;d 
changes).  Since  all  our  nerves  lie  witJiin  our  Bodies  as 
circum-tcribed  by  the  skirj,  and  are  excited  within  Ihein,  one 
miglit.  a  priori  be  incliucd  to  HU|i|»ost'  lluiL  the  cause  of  idi 
sensations  would  ajipear  to  be  within  our  Btidies  themselves; 
that  the  thing  felt  would  be  a  moditied  portion  of  the/eeltr. 
This  is  the  case  with  regiird  in  many  Hcnnitions;  a  lieiVd- 
Hche,  toothache,  or  earache  gives  us  no  idea  of  any  external 
object;  it  merely  suggests  to  each  of  us  a  particular 
state  of  a  sensitive  portion  of  myself.  As  regards  many 
sensations,  however,  this  is  not  so;  they  suggest  to  us  ex- 
ternal causes,  to  properties  of  whiidi  and  nut,  to  states  of  our 
Bodies,  wojuscribethem;  and  ro  they  lead  us  lu  tliccuiR'cption 
of  an  external  uuiverse.  A  knife  laid  on  the  skin  produces 
changes  in  it  which  lead  us  to  think  not  of  a  state  of  our 
skin,  but  of  states  of  some  ol)ject  outside  the  ekin;  we 
believe  wo  feel  a  cold  heavy  hiu'd  thing  in  contact  with  it. 
Nevertheless  we  have  no  senson*  nerves  going  into  the  knifo 
and  informing  us  directly  of  its  condition;  what  we  really 
feel  are  the  modifications  of  our  Body  pro<3uccd  by  it, 
although  we  irresistibly  think  of  Llietn  as  projiertics  of  the 
knife — of  some  object  that  is  no  jmrt  of  our  Body,  and  not  as 
states  of  the  hitter  itself.  Let  now  tlie  knife  cut  through 
the  skin;  we  feel  no  more  kftift.  but  experience  pain, 
which  we  think  of  as  a  condition  itf  our.selves.  We  do  not 
say  the  knife  is  piiinful,  but  thai  our  finger  is,  and  yet  we 
have,  so  far  as  sensation  goes,  iis  much  rciison  to  call  the 
knifo  painful  as  cold.  Applied  one  way  it  produCLMl  local 
changes  ai'ousing  a  sensation  of  cold^  and  in  another  local 
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changes  causing  a  senBation  of  jmln.     Ncvcrthelciw  iu 
one  case  we  6|>i*ak  of  the  cold  ari  l>eing  iu  the  knife,  and  in 
tho  other  of  tlio  i)aiii  as  being  in  the  finger. 

Sensitive  parts,  sueli  lis  the  surfat^e  of  the  dkin,  through 
which  we  get,  or  believe  wo  get.  information  about  onier 
things,  are  of  far  more  intellectual  vahie  to  na  than  ^en^itire 
jMirta,  such  as  the  subcutaneous  tissue  into  which  the  knifo 
may  cut,  which  give  us  only  Benaations  referred  to  condilious 
of  our  Botlies.  The  former  are  called  S^tut-ortjutut  j>ro{>er, 
or  Organs  of  Special  Sense;  the  latter  aresengilive  jmrfs,  ur 
(hgans  of  Cimimun  Sensation, 

The  Peripheral  Beferenoe  of  oiir  Sensationfl.  The 
fact  tliat  we  refer  certain  8uii8atious  to  external  caoses  Ib 
only  one  case  of  a  more  general  law,  in  accordance  with 
which  we  do  not  ascribe  our  scnBations,  as  regards  their  lo- 
cality, to  the  brain, where  the  neurosis  is  accompanied  br 
the  sensation,  but  to  a  peripheral  part.  With  respect  to 
the  brain»  other  parts  of  the  Body  are  external  objects  as 
much  as  the  rest  of  the  material  universe,  yet  the  majority 
of  our  common  sensations  are  felt  at  the  places  where  the 
sensory  nerves  concerned  are  irritated,  and  not  in  the  brain. 
Even  if  a  nerve-trunk  be  t^timulatcd  in  the  middle  of  its 
course,  wc  refer  tho  resuJtiug  Bousation  to  its  outer  endingiL 
A  blow  on  tho  inside  of  the  elbow-joint,  injuring  the  ulnar 
nerve,  produces  not  only  a  local  ]>ain,  but  a  sense  of  ting- 
ling ascribed  to  tho  fingers  to  which  the  ends  of  the  fibres 
go.  Persons  with  amputated  limbs  have  feelings  in  their 
lingers  and  toes  long  after  they  have  been  ]ost,  if  the  nerve- 
trunks  in  the  stump  be  irritated.  To  explain  such  facts  we 
must  trench  on  the  ground  of  Pnychology,  and  so  thev  can- 
not be  fully  dintmf'sed  here;  but  they  are  commonly  ascribed 
to  tho  results  of  experience.  The  events  of  life  have  taught 
us  that  iu  tho  great  majority  of  instances  the  sensory  im- 
pulses which  excite  a  given  tactile  sensation,  for  example, 
have  acted  upon  the  tip  of  a  finger.  Tho  sensation  goes  when 
the  finger  is  removed,  aud  returns  when  it  is  replaced;  and 
the  eye  confirms  the  contact  of  the  extcnial  object  with  the 
finger-tip  when  wo  get  the  tactile  sensation  in  question. 
Wc  thus  come  firmly  to  associate  a  particular  region  of  tho 
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f*kin  witli  11  giioii  sensation,  and  whenever  afterwards  the 
uerve-tibres  comiug  from  the  linger  are  stimukted,  no  mat- 
ter where,  we  ascribe  the  origin  of  the  sensation  to  some- 
thing: actiiit^  on  *'i^'  lingt-r-tip. 

The  Diffferencofl  between  Senaationa.  In  both  groups 
of  scnsiitions,  tlios*?  derived  through  organs  of  sjiccial 
sense  and  those  due  to  organs  of  common  sensation,  wedis- 
tingtiish  kinds  which  are  absolutely  distinct  for  our  con- 
sciousness, and  not  comparable  nientally.  We  can  never 
get  confused  bctwei'U  a  sight,  a  sound,  and  a  touch,  nor  be- 
tween pain,  hunger,  and  nausea;  nor  can  we  compare  them 
with  one  another;  each  is  nni  generis.  The  fundamental 
difference  which  thus  separates  one  scnKatiou  from  another 
18  its  modalify.  Sensations  of  the  same  niodiility  may  differ; 
but  they  shade  imperceptibly  into  one  another,  and  are  com- 
parable between  thoniselvea  in  two  ways.  First,  as  regards 
quality;  while  a  high  and  a  low  pitched  note  are  both 
auditory  sensations,  they  are  nevertheless  different  and  yet 
intelligibly  coniparnblc;  and  so  are  blue  atid  red  objects. 
In  the  secotid  jilace,  sensations  of  the  same  niwJality  are 
distinguishable  and  comparable  as  to  amount  or  intensity: 
we  readily  reeognizo  and  coni]»;Lrc  a  huul  aiid  a  weak  sound 
of  the  same  pilx-h;  a  bright  and  feeble  light  of  the  same 
color;  an  acute  and  a  *ilight  pain  of  the  same  general  char- 
acter. Our  sensations  thus  differ  in  the  three  aspects  of 
woiUdihj,  qualify  within  the  mme  modality,  and  intensity. 
Certain  sensations  also  differ  in  wluit  is  known  as  the 
*' local  siyu,**  a  difference  by  which  we  tell  a  touch  on  one 
part  of  the  skin  from  a  similar  touch  on  another;  or  an  ob- 
ject exciting  one  part  of  the  eye  fmm  an  object  like  it,  but 
in  a  different  loention  in  space  and  exciting  another  part  of 
the  visual  surface. 

As  regards  nuMlnlity,  wo  commonly  distinguish  iivo 
aenses,  those  of  sight,  sound,  toucli.  taste,  and  smell;  it  is 
doubtful  whether  temperature  should  not  be  wldcd.  Tlio 
varieties  of  common  sensation  nre  alsoseveral;  for  example, 
pain,  hunger,  satiety,  thirst,  nausea,  malaise,  bicn-itre  (feel- 
ing "good"),  fatigue.  The  iintscuhir  sense  stands  on  the 
intermediate  line  between  special  and  common  sensations; 
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we  guthor  by  it  huw  much  tiiii*  ^ariuuH  rntiscles  are 
tructod,  and  m  leum  iho  ponition  of  vurions  p<irt«  of 
Body,  oil  the  oue  hanJ,  untl  the  iv,sislatice  opposed  lo  bodil' 

inovL'Hieut  by  exteniiil  objects,  on  the  other.      In  fnct 
cannot  dmw  a  .sharp  line  between  the  8]»ecJa]  eensns  and 
common  sensations:    all  the  Body,  we  conclude  from  ob- 
(iervations  ou  the  lower  animals*  is,  at  mi  early  gl.age  of  itt; 
ileveloiinioiil,  sensitive;  very  t-oon  its  cells  separate  tliem- 
K'hcs  into  lui  ouler  layer  exposed  to  the  action  of  extcnuJ 
foircd  and  an  inner  layer  protected  from  them:  and  some 
t»f  the  former  cells  become  esjHH.'iallyi*i'rts//iV*'.    Frtim  thcui. 
a.s  devL'lopriiL'iit  pn»ceeds.  s<»nie  are  (separated  and  bnricd  be- 
neath the  surface  to  become  the  brain  and  spinal  cord;  of 
those  which  remain  eujxjrficial,  some  are  modified  60  tbut 
(hey  (in  Llio  eye)  become  especially  excited  by  ethereal  vi- 
brations; others  (iu  the  ear)  become  especially  responsive 
to  siiund  vibrations;  others  to  filiglit  chemicail  changes  (in 
mouth  and  nose),  and  others  (iu  the  ekin)  to  Tariations 
in  pj-essure  or  teniperatnrc. 

All  our  sonsatioiid  are  thua  modilications  of  one  common 
in'imary  sensibiiity,  represented  by  that  of  the  akin,  or 
nithor  by  the  primitive  representative  of  the  skin  iu  each 
an  animal  as  the  Hydra  (see  Zoology).  The  cutuiieous  sen- 
sations, being  less  differentiated,  shade  off  moix*  readily  into 
the  cummon  sensiljility  of  the  other  living  tissues  than  do 
the  activities  of  the  highly  d iff urentiated  cells  in  the  cyo 
and  ear.  We  find,  accordingly,  that  while  a  powerful  pres- 
sure or  a  higJi  tiMiipcrature  acting  ou  the  skiu  readily 
arou.scrf  a^(«n.s;LHon  iif  pain,  thiit  this  is  not  the  case  witli  the 
murcsi)eciali>;cd  visualatid  auditory orgjins.  Their supcr-ex- 
citotncnt  may  he  disa^^reeable,  but  never  passes  into  pttiUt  in 
the  ordinary  pcnsc  of  the  word.  Similarly  the  special  skin 
sensations,  tuuch  and  teniperature,  may  sometimes  be  con- 
founded, while  a  sound  and  a  eight  cannot  be:  the  mo- 
tidlili/  of  tho  less  ni<»dilicd  skin-senses  is  less  complete.  The 
study  of  coniparativD  anatomy  and  development  thus  showt! 
tliatthe  irrituhle  parts  uf  uurseiise-orgauH  are  but  sj>ecial  dif- 
ferentiations of  the  ]>riniary  external  layer  of  cells  covering 
the  Body  when  it  is  very  young.    Some  of  these  become  nerve 
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end  organs  in  the  eve,  other*  end  orc;iins  in  Iho  oar,  and  so 
ou;  whilo  others,  loss  chautred.  iriuiiiu  in  the  ykinasorg^una 
of  touch  Hn<i  toinpenituni;  and  so,  from  ii  general  exterior 
fini-fuee  rcsjiondiiig  eijimlly  readily  to  ninny  external  uulunil 
forces,  we  get  u  surfiicc  modified  ho  tliat  its  various  parts 
re8i>ond  with  different  dcgreoH  of  readinoH.^  to  different  ex- 
ternal forces;  and  tliene  modified  parts  constitute  the  esHon- 
tiul  portions  of  our  organs  of  ai)oeiul  sense.  Every  sense 
organ  thus  comes  to  have  a  ?peeial  relationship  to  some  one 
natural  force  or  form  of  eiier/rj- — is  a  8]>ccially  irritable 
mechanism  by  which  such  a  force  is  euahled  to  excite  ecn- 
eory  nerves;  and  i^,  moreover,  commonly  supplemented  by 
arrangements  which,  in  the  ordinary  circumstances  of  life, 
prevent  other  forces  from  stiniuhiting  tlie  nerves  connected 
with  it.  \ot  idl  imturul  forces  have  sense-organs  with  ref- 
erence to  them  developed  in  the  Human  Itody;  fop  exam- 
ple, we  have  no  organ  standing  to  electrical  chaugcs  iu  the 
same  relation  that  the  eye  does  to  light  or  the  ear  to 
sound. 

The  Esaontial  Structure  of  a  Sense-Organ.  In  every 
sense-organ  the  fundamental  i>art  is  thus  one  or  more  end 
ort/atm,  which  are  highly  irritable  tissues  (p.  31),  so  con- 
structed and  so  placed  as  to  he  utM'nially  acted  on  by  some 
one  of  the  mnijes  of  motion  met  with  in  the  external  Avorld. 
A  sensory  apparatus  requires  in  jiddition  at  least  a  brain-cen- 
tre, and  a  sensory  nerve-fibre  connecting  this  with  the  ter- 
minal a])parafns;  but  one  commonly  finds  accessory  parts 
added.  In  the  eye,  e.(/.,  we  have  arnmgements  for  bringing 
to  a  focus  fhe  light  rays  which  are  to  act  ou  the  end 
organs  of  the  nerve-fibres;  and  in  the  car  are  found  similar 
rul>siduiry  parts,  to  conduct  sonorous  vibrations  to  the  end 
apiMiratus  of  the  auditory  nerve. 

Seeing  and  hearing  are  the  two  most  specialized  senses; 
the  stimuli  usually  arousiug  them  are  peculiar  and  quite 
distinct  from  the  group  of  general  nerve  stimuli  (see  p,  188), 
wliile  those  most  frequently,  or  naturally,  acting  uiwrn  our 
other  sense-organs  are  not  so  peculiar;  they  are  forces  wnieh 
act  as  general  nerve  stimuli  when  directly  applied  to  nerve- 
fibres.      The  end  organs,  however,  as  alrciidy  j)ointed  out 
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(p.  190),  00  increase  the  BensitiTeiien  of  the  parti 
ing  them  that  degrees  of  change  in  the  exciting  foamt 
vhich  would  be  totally  nnahlo  to  stimoLita  nervB-fibM 
themselTes  are  appreciated.  These  terminfll  appanitiiM 
are  therefore  as  troly  mechanisms  CTiahling  ebttngeSf  vhiel 
vonld  not  otherwise  stimulate  nerreg,  to  excite  thn^  si 
are  the  end  organs  in  the  eye  or  ear. 

The  Oanaeof  the  Modality  of  cor  floniettnme  Seefaig 
that  the  external  forces  nsoally  exciting  onr  difEerant  loi- 
sations  differ,  and  that  the  sensations  do  also,  we  mjgfat  at 
first  be  inclined  to  believe  that  the  latter  difference  de- 
pended on  the  former:  that  brightness  differed  from  knid- 
ness  because  light  was  different  from  sound.  In  other 
words,  we  are  apt  to  think  that  each  sensation  deriTee  iti 
specific  character  from  some  property  of  its  external  phyih 
cal  antecedent,  and  that  our  sensations  answer  in  some  wi^ 
to,  and  represent  more  or  less  accurately,  properties  of  tiis 
forms  of  energy  arousing  them.  It  is,  however,  quite  easf 
to  show  that  wc  have  no  sufficient  logical  warrant  for  such 
a  belief.  Light  fulling  into  the  eye  causes  a  eensatioD  of 
luminosity,  a  feeling  belonging  to  the  visual  group  or 
modality;  and,  since  usually  nothing  else  excites  snoh 
feelings  and  light  entering  the  healthy  eye  always  doea» 
we  come  to  believe  thai  the  physical  agent  light  is  some- 
thing like  our  sensation  of  luminosity.  But,  as  we  have 
already  seen  (p.  191),  no  matter  how  we  stimulate  the  optic 
nerve  we  still  get  visual  sensations;  dose  the  eyes  and  press 
with  a  finger-nail  on  one  eyelid;  a  sensation  of  touch  is 
aroused  where  the  finger  meets  the  skin;  but  the  pressure 
on  the  eyeball  distorts  it  and  stimulates  the  optic  nerve- 
fibres  in  it  also,  and  the  result  is  a  luminous  patch  seen 
in  front  of  the  eye  in  such  a  position  as  a  bright  body  must 
occupy  in  space  to  radiate  light  to  that  part  of  the  expan- 
sion of  the  optic  nerve.  Finding,  then,  the  same  land  of 
sensation,  a  visual  one,  produced  by  the  totally  different 
causes,  pressure  and  light,  we  are  led  to  doubt  if  the  dif- 
ferences of  modality  in  our  sensations  depend  upon  the  dif- 
ferences of  the  natural  forces  arousing  them;  and  this 
doubt  is  strengthened  when  we  find  still  other  forces  (p,  191) 
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Ing  rise  to  visual  sensations.  But  then, since  light  and 
pressure,  cleotricity  and  cutting,  all  caaae  visual  sensations, 
wc  have  no  valid  reason  for  supposing  that  light,  more  than 
either  of  the  others,  is  really  in  any  way  like  our  sensation 
of  light:  or  that  sjght-feeling  differs  from  sound-feeling 
because  objectively  light  differs  from  sound.  The  eye  is  an 
organ  specially  set  apart  to  be  excited  by  light,  and  accord- 
ingly so  fixed  as  to  liave  its  nerve-fibres  far  more  often  ex- 
cited by  that  fonn  of  force  than  by  any  other;  but  the  fact 
that  light  Bensations  can  be  otherwise  aroused  shows  plainly 
that  their  kind  or  character  has  nothing  directly  to  do  with 
any  projicrty  of  light.  Just  ad  by  pinching  or  heating  or 
galvanizing  a  motor  nervo  we  can  make  the  muscles  attached 
to  it  contract,  and  tlie  contraction  has  nothing  in  common 
with  the  excitant,  so  the  visual  sensation,  as  such,  is  inde- 
pendent of  the  stimulus  arousing  it  and,  of  itself,  tells 
us  nothing  concerning  the  kind  of  stimulus  which  had 
operated. 

Differences  in  kind  between  external  forces  being  thus 
eliminated  as  possible  causes  of  the  modalities  of  our  sen- 
sations, we  next  naturally  fall  back  upon  differences  in  the 
sense-organs  themselves.  They  do  undoubtedly  differ  both 
in  gross  and  micro8copic  structure,  and  the  fact  that  pres- 
Bure  on  the  closed  eye  arouses  a  touch-feeling  where  the 
skin  is  compressed,  and  a  sight-feeling  where  the  optic  nerve 
13,  might  wall  bo  duo  to  the  fact  that  a  peripheral  touch- 
organ  was  different  from  a  peripheral  sight-organ,  and  the 
same  force  might  therefore  produce  totally  different  effects 
on  them  and  so  cause  different  kinds  of  feelings.  However, 
here  also  closer  examination  shows  that  we  must  seek  far- 
ther. Sensation  is  not  produced  in  a  sense-organ,  but  far 
away  from  it  in  the  brain;  the  organ  is  merely  an  apparatus 
for  generating  nervous  impulses.  If  the  optic  nerves  be 
divided,  no  matter  how  perfect  the  eyeballs,  no  amount  of 
light  will  arouse  visual  sensations;  if  the  spinal  cord  be  cut 
in  the  middle  of  the  back  no  pressure  on  the  feet  will  cause 
a  tactile  or  other  feeling;  though  the  skin,  and  its  nerves 
and  the  lower  half  of  the  spinid  cord  be  all  intact.  In  all 
caaoo  we  Und  that  if  the  nerve-paths  between  a  sense-organ 
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and  the  brnin  be  severed  no  stimulation  of  the  ■  i 

call  forth  u  sensiition.     Tbe  final  jtrodviction  of  ; :  \ 

de}>ends^  then,  on  something  occurring  in  the  brain,  and  so 
the  kind  of  a  sensation  is  presumably  dependent  u|>on  brain 
events  rather  than  on  occnn-onccs  in  sense-or^ins.  Still  it 
might  Ije  that  something  in  the  sen.se-organ  causo<l  one^n- 
gation  to  ditTcr  from  another.  Each  organ  might  excite  ihr 
brain  in  a  different  way  and  cause  a  different  fiousiition,  and 
BO  our  sensations  differ  because  our  sense-orguns  did.  Such  a 
view  iif,  however,  negativedby  observations  wliich  show  that 
perfectly  chanicteristic  sensations  can  be  felt  in  the  atisenre 
of  the  sense-organs  throngh  whirh  they  are  normally  ei* 
cited.  Persons  whose  eyeballs  have  been  removed  by  th^ 
surgeon,  or  completely  destroyed  bydisciise,  biive  frequcntlv 
afterwards  definite  and  unmistakable  visual  sensations.  <\\v.u 
as  characteristic  as  those  which  they  had  while  still  possess- 
ing the  visual  end  organs.  The  tactile  sensations  felt  in 
amputated  limbs,  referred  to  above,  afford  another  example 
of  Uie  same  fact.  The  persons  still //'W  thingt^  touching  th 
\e^  or  lying  between  their  long-lost  toes;  ajid  the  sea 
eations  are  distinctly  iaciile  and  not  in  any  way  less  differe 
from  visual  or  auditory  sensations  than  are  the  touch-f 
iugs  following  stimulation  of  those  parts  of  the  skin  whici 
are  still  possessed.  It  is,  then,  clear  that  the  modality  of  our 
sensations  is  to  be  sought  deeper  than  in  properties  of  the 
end  organs  of  the  nerves  of  eiich  sense. 

Properties  of  external  forces  and  properties  of  perip 
ral  nerve-organs  being  excluded  as  causes  of  differences  i 
kind  of  sensation,  we  come  next  to  tbe  sensory  nerve-iib 
themselves.  Is  it  because  optic  nerve-fibres  are  differe 
from  auditory  nerve-fibres  that  luminous  senwitious  a 
different  from  sonorous?  This  question  must  be  unswc 
in  the  negative,  for  wo  have  already  (p.  103)  seen  rejison 
believe  that  all  nerve-fibres  are  alike  in  csseutiiU  structr 
and  that  their  iiropertics  are  everywhere  the  same;  that 
they  do  is  to  transmit  "nervous  impulses"  when  esrited, 
and  that,  no  matter  what  the  excitant,  these  impulses 
molecular  movements,  always  alike  in  kind,  though  th 
mav  dilTt'i'  in  atiumnL  and  in  rate  of  succession.      Sin 
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then,  all  that  the  optic  nerve  does  is  to  send  nervous  impulses 
tu  thebraiu*  aud  all  that  the  auditory  and  gustatory  and 
touch  and  olfactory  uerve-fibri^s  do  is  the  same,  and  these 
impulses  are  all  alike  in  kind,  wo  cannot  explain  the  differ- 
ence in  quality  of  vi^mid  and  other  sensations  hy  any  dif- 
ferences in  projwrty  of  the  nerve-trunks  concernedj  any  more 
tlian  we  could  attempt  to  explain  the  facts  that,  in  onecasej 
an  electric  current  sent  through  a  thin  platinum  wire  heats 
it,  and,  in  another,  scut  through  a  solution  of  a  salt  decom- 
poses it,  by  assuming  that  the  different  results  depend  on 
differences  in  the  conducting  copper  wires,  which  maybe 
absolutely  the  same  in  the  two  cases. 

We  are  thus  driven  to  conclude  that  our  sensations 
primarily  differ  because  different  central  nerve-organa  in 
the  brain  are  concerned  in  their  production.  That  just  as 
an  efferent  ncrve-tibre  will,  when  stimulated,  cause  a  secre- 
tion if  it  go  to  a  gland-cell,  and  a  contraction  of  it  to  go 
to  a  muscle- fibre,  so  an  optic  nerve-fibre,  carrying  impulses  to 
one  brain  apparatus  and  exciting  it,  will  cause  a  visoal 
sensation,  and  a  gustatory  nerve-fibre,  connected  witli 
another  brain-centre,  a  taste  sensatiou.  In  other  words, 
our  kinds  of  sensation  depend  fumlamentally  on  the  proper- 
ties of  our  own  cerebral  nervous  system.  For  each  8]>ecial 
sense  we  have  a  nervous  apparatus  with  its  peripheral 
terminal  organs,  nerve-fihrey.  and  brain-centres;  and  the 
excitement  of  this  apparatus,  no  matter  in  what  way,  causes 
a  sensation  of  a  given  modality,  determined  by  the  proper- 
ties of  its  central  portion.  Usually  the  apparatus  is  excited 
by  one  particular  force  acting  first  on  its  }>eripheral  organs, 
but  it  may  be  aroused  by  stimulating  its  nerve-fibre-s 
directly  or,  as  in  cert^ain  diseased  state-s  (delinum),  or  under 
the  action  of  wrtain  drugs,  by  direct  excitation  of  tlie  centres. 
The  sensations  of  dreams,  frcrjucntly  so  vivid,  and  halluci- 
nations, are  also  probably  in  many  cases  due  to  direct 
excitation  of  the  central  organs  of  sensory  apparatuses, 
though  no  doubt  also  often  due  to  peripheral  stimulation. 
But  no  matter  how  or  where  the  apparutus  is  excited,  pro- 
videtl  a  sensation  is  produced  it  is  always  of  the  modality 
of  that  sense  a])paratus. 
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It  is  possible  that  the  general  statement  in  the  last  pjira- 
graph  needs  some  limitation.     While  in  Bensest  of  distinct' 
modulity,  tliis  character  can  be  ascribed  only  to  bi-ain  projjer-! 
ties  (so  that  we  may  be  pretty  snre  that  a  man,  tlieuinerend 
of  whose  optic  nerve  wa,«  in  physiological  continuity  with 
the  outer  end  of  his  auditoi'v,  and   the  inner  end  of  h\s\ 
laidiLory  with  the  outer  end  of  his  optic,  might  hear  a  pic- 
ture and  aee  a  symphony),  yet,  perhaps,  differences  in  the 
rhythm  or  intensity  of  afferent  nervous  impnlf>eB  may  cauw 
differeticea  in  morhility  in  less  differentiated  sensea.     ITin* 
contact   witli    a   cold    soft   object   may   be    felt    hs    heat, 
thouglit  to  be  due  to  the  approach  of  a  warm  bodv;  and 
from  such  cases  we  must  perhaps  conclude  that  touch  and 
temperature  de]>end  on  excitations  in  different  ways  of  one 
and  the  same  brain-centre;  impulses  of  a  certain  rhvthra 
producing  a  .sensation  of  heat,  and  those  of  another  (deter- 
mined  by  the  different  heat  and  touch  end  organs)  causing 
a  tuctilo  wnsation.     If  thif^  be  so,  however,  heat  and  lonch 
woiild  bo  but  extrnme  varieties  of  one  kind  of  scnsjilion, 
and  comparnble  to  yellow  imd  blue.     Again,  a  hcnvv  press- 
Bure,  gradually  iuercii«c'd,  arouses  sensations  which  pass  im- 
perceptibly from  touch  to  pain,  and  the  resnlt  may  l>e  due 
to   tlie   fact   (bat   rogidur   and   orderly  afferent  impulses, 
determineil  through  tactile  nerve-endings,  excite  the  centre 
iu  one  way;  while  iiTegnlar,  disoi-derly,  and  violent,  excited 
when  the  nerve-trunks  licnoath  the  pkiu  are  directly  stimu- 
hitt'd,  may  cause  a  ililfcrcut  sensation;   much  as  the  sanif 
miisic:il  notes  combined  in  one  order  cause  pleaj^ure  hut  in 
another  arc  disagrceubio,  causing  a  sort  of  pain,  although 
the  same  brain-centres  aro  stimulntod  in  the  two  casef. 
The  pain  from  a  heavy  weight  may,  however,  be  merely  doe 
to  the  fact  that  it  excites  the  nerves  very  powerfully  and 
gives  rise  to  impulses  which  radiate  farther  in  the  brain  thnn 
those  causing  touch  sensations,  and  so  excite  new  centre?, 
tlie  Tuodality  of  which  is  a  pain  sensation. 

However  differences  in  nervous  rhythm  may  account  for 
minor  differences  in  sensation,  it  renuiins  clear  that  the 
characters  of  our  sensations  are  creations  of  our  own  organ- 
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ism;  thej  depend  on  properties  of  our  Bodies  and  not  on 
properties  of  exteruul  things,  except  in  so  far  as  these  may 
or  may  not  be  adapted  to  arouse  onr  different  sensory 
apparatases  to  activity.  From  the  kind  of  the  sensation  we 
cannot,  therefore,  argue  as  to  the  nature  of  the  excitant:  we 
have  no  more  warrant  for  supposing  that  light  is  like  onr 
sensation  of  light  tlian  that  the  knife  that  cuts  us  is  like 
our  sensation  of  pain.  All  that  wc  know  with  certainty  is 
states  of  our  own  consciousness,  and  although  from  these  we 
form  working  hypotheses  as  t^  an  external  nniverse,  yet, 
granting  it,  we  have  no  means  of  acquiring  any  real  knowl- 
edge as  to  the  properties  of  things  about  us.  What  we 
want  to  know,  however,  for  the  practical  purposes  of  life 
is,  not  what  things  ffrc,  but  how  to  use  them  for  our  advan- 
tage,  or  to  prevent  them  from  acting  to  our  disadvantage; 
and  our  senses  enable  us  to  do  this  sufficiently  well. 

The  Psycho-Phyeicai  Law.  Although  our  sensations  are, 
in  modality  or  kind,  independent  of  the  force  exciting  them, 
they  are  not  so  in  degree  or  intensity,  at  least  within  cer- 
tain limits.  We  cannot  measure  the  amount  of  a  sensation 
and  express  it  in  foot-pounds  or  calories,  but  wc  can  get  a 
sort  of  unit  by  determining  how  small  a  difference  in  sen- 
sation can  be  perceived.  Supposing  this  smalleKt  perceptible 
difference  to  l)e  constant  within  the  range  of  the  same  sense, 
(which  is  not  proved.*)  it  is  found  that,  it  is  produced  by  dif- 
ferent amounts  of  stimuli,  measured  objectively  as  forces; 
and  that  there  exists  in  some  cases  a  relation  between  the  two 
which  can  be  expressed  in  numbers.  The  incrcose  of  sfim- 
fihts  veressary  to  produce  the  smallest  perrepiible  ch/inrfe  in 
a  sensation  is  proportional  to  the  strength  of  the  stimulus 
already  ortinff;  for  example,  the  heavier  a  pressure  already 
acting  on  the  skin  the  more  mast  it  be  increased  or  dimin- 
ished in  order  that  the  increase  or  diminution  may  be  felt. 
Expressed  in  another  way  the  facts  may  be  put  thus:  sup- 
pofl»  three  degrees  of  stimulation  to  hour  to  one  another  ob- 
jectively the  ratios  10,  100,  1000,  then  thoir  subjective  ef- 
fects, or  the  amounts  of  sensation  aroused  by  them,  will  be 
respectively  as  1,  2,  3;   in  other  words,  th*  sensation  tw- 
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,-..-.«^4  ;—-,--. .'xrr-:*  r-  tkiloffaritkmoftkesirtngtkofth 
.-  w  .  '%.K     Ziir;TlT«  vf  :i;i».  vldch  ii  known  a«  "  HVforV" 

r  ■•-"-•i^-'i  _:* vi-.t --/\mkw/  iar"'  wiU  be  hereafter 
>:-:.:ei  x::.  a=.i  &r«  r«4diiv  obeerraUe  in  ojuIt  life;  we 
L.J.--Z.  ::r  -t*.tt---V  ^  '.aminoos  sensation  of  certain  intensitj 
"vi-r*  A  lixiTe^i  C4=.d>  is  biocght  into  a  dark  room:  thi^&en- 
f^::  I.  i*  -z  irublTC  vbcn  a  second  candle  is  brought  in; 
ii  i  :*  iirilT  if  tc:M  at  all  bv  a  third.  The  Uw  is  onk 
:rz..  l.TfTer  -A^i  ;hrn  ba;  approximacelj).  for  sensations 

i  r::ri.-=i :- :ei.5::T;  i:  i=  applicable,  for  example,  to  li^t 
«:r-si:::L?  :i  al'.  dt-*r«s  betreen  those  aroused  by  the  light 
> :  a  .-^zi'.r  j^'i  o^L:iarT  clear  daylight:  but  it  ia  not  true 
i  z  Iu=i:-:^j::;r?  s>  fevble  as  only  to  be  seen  at  aU  with  diffi- 
^.:".:t.  :r  »c-  Iri^iL:  ^  :o  b«  dazzling. 

B^*-ivf  tbr.r  viriation*  in  intensity,  dependent  on  Taria- 
:..::*  ::i  ::.t  iire-^h  of  the  stimulus,  our  sensations  also 
Yarj  '':::.  :r.r  :rr::ab:'.:zy  of  the  sensory  apparatus  itself; 
•-"-.:';■.  :>  r.  :  .  r.^tar.:  from  time  to  time  or  from  person  to 
i-:r-  r..  I:.  :'r.:  j'-  ve  statements  the  condition  of  thesense- 
i-r^.vi.  ..:.  1  ::?  n—vo/.s  connections  is  presumed  to  remain 

Perceptions.  I:,  every  sensation  we  have  to  carefullv 
d;^:;::i-;.s::  l-rt^tion  the  pure  sensation  and  certain  judg- 
men:-  loun  ie*;  u;-  y.\ :: :  we  have  to  distinguish  between  what 
we  reaily  feel  un-i  wluit  we  think  we  feel;  and  very  often 
firmly  believe  we  da  fi-tl  when  we  do  not. 

The  most  important  of  these  judgments  is  that  which 
leads  U5  toa^vTibe  cerrain  seu5;itions,  those  aroused  through 
organs  of  sjKcial  sense,  to  external  objects — that  outer 
reference  of  our  sensations  which  leads  us  to  form  ideas 
concerning  the  existence,  form,  position^  and  properties  of 
external  things.  Such  representations  as  these,  founded  on 
our  senses,  arc  called  perreptions.  Since  these  always  implv 
some  mental  activity  in  addition  to  a  mere  feeling,  their 
full  discussion  belongs  to  tlie  domain  of  Psychology.  Phy- 
siology, liowcver,  is  concerned  with  them  so  far  as  it  can 
determine  the  conditions  of  stimulation  and  neurosis 
under  which  a  given  mental  representation  concerning  a 
{sensation  is  made.    It  is  quite  certain  that  we  can  feel 
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nothing  but  states  of  ourselves*  but,  as  already  point 
out,  we  bare  no  hesitation  in  saying  we  feel  a  hard  or 
cold,  a  rough  or  smooth  body.     When  we  look  at  a  disiam 
object  wo  usually  make  no  demur  to  saying  that  wc  jKTcei 
it.    Wliat  we  really  feel  is,  however,  the  change  produced  by 
it  in  our  eyes.      There  are  no  parts  of  our  Bodies  reaching 
to  a  tree  or  a  house  a  mile  off — and  yet  we  seem  to  feel  all 
the  while  that  we  arc  looking  at  the  tree  or  the  house  and 
feeling  them,  and  not  merely  experiencing  modifications  of 
our  own  eyes  or  brains.     When  reading  we  feel  that  what 
we  really  see  is  the  book;  and  yet  the  existence  of  the  l>ook 
is  a  judgment  founded  on  a  state  of  our  Body,  which  alone 
is  what  we  truly  feel. 

W*e  have  the  same  experience  in  other  caseSj  for  examp 
with  regard  to  touch. 

Hairs  are  quite  insensible,  but  are  imbedded  in  the  sen- 
sitive skin,  which  is  excited  when  they  are  moved.  But  if 
the  tip  of  a  hair  bo  touched  by  some  external  object  wo  be^| 
lieve  we  feel  the  contact  at  its  insensible  end,  and  not  in^ 
the  sensitive  skin  at  its  root.  So,  the  hard  parts  of  the 
teeth  are  insensible;  yet  when  we  rub  them  together  we  refer 
the  seat  of  the  sensation  aroused  to  the  points  where  they 
touch  one  another,  and  not  to  the  sensitive  parts  around 
the  sockets  where  the  sensory  nerve  impulse  is  really  started. 

Still  more,  wo  may  refer  tactile  sensations,  not  merely  to 
the  distal  ends  of  insensible  bodies  implanted  in  the  skin, 
but  to  the  far  ends  of  things  which  are  not  parts  of  our 
Bodies  at  all;  for  instance,  the  distant  end  of  a  rod  held 
between  the  finger  and  a  table.  We  then  believe  we  feel 
touch  or  pressure  in  two  places;  one  where  the  rod  touches 
our  finger,  and  the  other  where  it  comes  in  contact  with 
the  table.  We  have,  simultaneously,  sensations  at  two 
places  separated  by  the  lengtli  of  the  rod.  If  we  hold  the  rod 
immovably  on  the  table  we  feel  only  its  end  next  the  fin- 
ger. If  we  could  fix  it  immovably  on  the  finger  while  the 
other  end  was  movable  on  the  table,  we  would  lose  the  sen- 
sation at  the  finger  and  only  bcliew  we  felt  the  pressure 
where  the  rod  touched  the  table.  When  a  tooth  is  toucbi 
with  a  rod  wo  only  feel  the  contact  at  its  end,  unless  it 
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loose  in  its  eocket;   and  then  wo  get  two  senBations  on 
touching  \i&  ixKiQ  end  with  a  foreign  body. 

This  irresistible  mental  tendency  to  refer  certain  of  our 
states  of  feeling  to  ctiuscs  outside  of  our  Bodies,  and  either 
in  contact  with  them  or  separated  from  them  by  a  certain 
space,  is  known  as  the  phenomenon  of  the  extrinsic  refer- 
ence of  our  senmtions. 

The  discussion  of  its  origin  belongs  properly  to  Psychol- 
og}%  and  it  will  suffice  here  to  point  out  that  it  seems  largely 
to  depend  on  the  fact  that  the  sonsationfl  extrinsically  referred 
can  be  modified  by  movements  of  our  Bodies.  Ilunger, 
thirst,  and  toothache  all  remain  the  same  whether  we  turn 
to  the  right  or  left,  or  move  away  from  the  place  we  are 
standing  in.  But  a  sound  is  altered.  Wemayfind  thatina 
certain  position  of  the  head  it  is  hoard  more  by  the  right 
ear  than  the  left;  but  on  turning  round  the  reverse  is  the 
case;  and  half  way  round  the  loudness  in  each  ear  is  the 
same.  Hence  we  are  led,  by  mental  laws  outside  of  the 
physiological  domain,  to  suspect  that  its  cause  is  not  in  our 
Body,  but  outside  of  it;  and  depends  not  on  a  condition  of 
the  Body  but  on  something  else.  And  this  is  confirmed 
when  going  in  one  direction  we  find  the  sound  increased. 
and  in  the  other  that  it  is  diminished.  This  implies  that 
we  have  a  knowledge  of  our  movements,  and  this  we  gain 
through  the  muscular  sense.  It  constitutes  the  reactive  side 
of  our  sensory  life?  associated  with  the  changes  we  produce 
in  external  things;  and  is  correlated  and  eontrastcil  with 
the  passive  side,  in  which  other  things  produce  sensations 
by  acting  upon  ns. 

As  regards  our  common  sensations  we  find  something  of 
the  same  kind.  The  more  readily  they  can  be  modified  by 
movement  the  more  definitely  do  we  localize  them  in  space,  fl 
though  in  this  case  within  the  Body  instead  of  outside  it. 
Hunger  and  nausea  can  be  altered  by  pressure  on  the  pit 
of  the  atoma<'h;  thirst  by  moistening  the  throat  with  water; 
the  desire  for  oxygen  (respiration-hunger)  by  movements  of 
the  chest;  and  so  wo  more  or  less  definitely  ascribe  theee 
sensations  to  conditions  of  those  parts  of  the  Body.  Other 
general  sensations,  as  depression,  anxiety,  and  so  on,  are  not 
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DiodiHtible  by  any  particular  movement,  and  so  appear  to 
Ud  ratlier  as  mental  states,  pure  and  simple,  than  bodily 

sensations. 

Senaory  niusions.  "I  must  beliere  my  own  eye^"  and 
"we  C4in't  alwuvrt  believe  our  flenaeB"  are  two  exprefi- 
uions  frequently  heard,  and. each  cxpreH^iug  a  truth.  No 
doubt  a  sensation  in  itself  is  an  absolute  incontrovertible 
fact:  if  I  feel  redness  or  liotne:^  I  do  feel  it  and  that  is  au 
end  of  the  matter;  but  if  I  go  beyond  the  fact  of  my  having 
a  certain  sensation  and  conclude  from  it  as  to  properties 
of  something  else — if  I  form  ^judgment  from  my  ae/mafion 
— I  may  be  totally  wrong;  and  in  so  far  be  unable  to 
believe  my  eyes  or  skin.  Sucli  judgments  are  almost 
inextricably  woven  up  with  many  of  our  sensations,  and  so 
closely  that  we  cannot  readily  separate  the  two;  not  even 
when  we  know  tliiU  the  judgment  is  erroneous. 

For  example,  the  moon  when  rising  or  setting,  appears 
bigger  than  when  high  in  the  heavens — we  seem  to  feel 
directly  that  it  arouses  mure  sensation,  and  yet  we  know 
oertninly  that  it  does  nol.  With  a  body  of  agiven  brightness 
the  amount  of  change  produced  iu  the  end  organs  of  the 
eye  will  depend  on  the  size  of  the  image  formed  in  the 
eye,  provided  the  same  part  of  its  sensory  surface  is  acted 
upon.  Now  the  size  of  this  image  depends  on  the  distance 
of  the  object;  it  is  smaller  the  farther  off  it  is  and  bigger 
the  nearer,  and  measurements  show  that  the  area  of  the 
sensitive  surface  affected  by  the  image  of  the  rising  moon 
is  no  bigger  than  that  affected  by  it  when  overhead.  Why 
then  do  we,  even  after  we  know  this,  see  it  bigger  ?  The 
reason  is  that  when  the  moon  is  near  the  horizon  wc  imagine, 
unconsciously  and  irresistibly,  that  it  is  farther  off;  even 
astronomers  who  know  perfectly  (hut  it  is  not,  cannot  help 
forming  this  unconscious  and  erroneous  judgment — and  to 
them  the  moon  appears  in  conse<iuence  larger  when  near  the 
horizon,  just  as  it  dt>es  to  loss  well-informed  mortals.  In  fact 
wc  iiavo  a  conception  of  the  sky  over  which  the  moon  trav- 
els, not  as  a  half  sphere  but  us  somewhat  flattened,  and 
hence  when  the  moon  is  at  the  horizon  we  unconsciously 
judge  that  it  is  farther  off  than  when  overhead.     But  any 
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body  which  excites  the  same  extent  of  the  senrntiTe  sni^ 
of  the  eye  at  a  great  distance  that  another  does  at  less,  mu 
be  larger  than  the  latter;  and  so  we  conclude  that  the  moc 
at  the  horizon  is  larger  than  the  moon  in  the  zenith,  ai 
are  ready  to  declare  that  we  see  it  so. 

•So,  again,  a  small  bit  of  light  gray  paper  on  a  white  sha 
looks  gray:  but  placed  on  a  large  bright  green  surface 
looks  purple;  and  on  a  bright  red  surface  looks  blue-greer 
As  the  same  bit  of  gray  paper  is  shifted  from  one  to  tb 
other  we  see  it  chaugc  its  color:  it  arouses  in  us  differen 
feelings,  or  feelings  which  we  interpret  differently,  ulthoug 
objectively  the  light  reflected  from  it  remains  the  sam« 
Similarly  a  medium-sized  man  alongside  of  a  Tery  tall  od 
appears  short,  but  wlien  walking  with  a  very  short  one,  tall 

Such  erroneous  perceptions  as  these  are  known  as  ««n«>r 
illusions;  and  we  ought  to  be  constantly  on  guard  againa 
them. 


CHAPTER  XXXI. 

THE   EYE   AS  AN   OPTICAL   INSTRUMENT. 

The  Easontial  Struot\ire  of  aa  Eye.  Every  visual  organ 
consists  primarily  of  u  nervous  expansion,  provided  with 
end  organs  by  means  of  which  light  is  enabled  to  excite 
nervous  impulses,  and  exposed  to  the  access  of  objective 
light;  snch  an  expansion  ia  called  a  retina.  By  itself, 
however,  a  retina  would  give  no  risuiil  sensations  referable 
to  distinctly  limited  external  objects;  it  would  enable  its 
poasessor  to  tell  light  from  darkness,  more  light  from  less 
light,  and  (at  least  in  its  highly  devela{>ed  forms)  light  of 
one  color  from  light  of  another  color;  but  that  would  be  all. 
Were  our  eyes  merely  retinas  we  could  only  tell  a  printed 
page  from  a  blank  one  by  the  fact  that,  being  partly  covered 
with  bUic'.k  lettorri.  (whioh  reflect  less  light,)  it  would  excite 
our  visual  organ  less  powerfully  than  the  spotless  white 
page  would.  In  order  that  distinct  objects  and  not  merely 
degrees  of  luminosity  may  be  seen,  some  arrangement  is 
needed  which  sJiull  bring  all  light  entering  the  eye  from 
one  point  of  a  luminous  surface  to  n  fonts  again  on  one 

tint  of  the  sensitive  surface.  If  A  and  B  (Fig.  121)  be 
;wo  red  spots  on  a  black  surface,  /T,  and  rr  be  a  retina, 
'then  rays  of  light  diverging  from  A  would  fall  equally  on 
.nil  parts  of  the  retina  and  excite  it  all  a  little;  so  with  rays 
titarting  from  B,  The  sensation  aroused,  supposing  the 
retina  in  connection  with  the  rest  of  the  nervous  visual 
apparatus,  would  be  one  of  a  certain  amount  of  red  light 
^reaching  the  eye;  the  red  spots,  a?  definite  objects,  would 
mdistinguishable.  If,  however,  a  convex  glass  lens 
Z  (Fig.  13*2)  be  put  in  front  of  the  retina,  it  will  cause  to 

lUYcrge  again  to  a  single  point  all  the  rays  from  A  falling 
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ufM)u  it;  80,  too,  with  the  rays  from  B:  and  if  the  focal 
Untse  (sec  Physics)  of  the  Ions  be  properly  adjusted  these 
points  of  coDvcrgenco  will  both  lie  on  the  retina^  that  for 


Fio.  131.— DtB^mn  flliutrsttn^tlie  IndtettDotneas  of  rjslon  with  a  rvdna  fthia« 
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Unea  repmeot  ny»  of  tight  spread  tmiformljr  orer  ihe  reliuA  from  eacb  spot 

rays  from  A  at  a,  and  that  for  rays  from  B  at  b.  The 
eensitivo  surface  would  then  only  be  excited  at  two  limited 
and  separated  points  by  the  red  light  emanating  from  the 
spots;  consequently  only  some  of  its  end  organs  and  nerve- 
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fibres  would  bo  stimulated  and  the  result  would  be  the 
recognition  of  two  separate  red  objects.  In  onr  eyes  are 
found  certain  refracting  media  which  lie  in  front  of  the 
retina  and  take  the  place  of  the  lens  L  in  Fig  122.  That 
portion  of  physiology  which  treats  of  the  physical  action  of 
these  media,  or  in  other  words  of  the  eye  as  an  optical  in- 
strument, is  known  as  the  dioptrics  of  the  eyo. 

The  Appendages  of  the  Eye.  The  eyeball  itself  con- 
sists of  the  retina  and  refracting  media,  together  with 
supporting  and  nutritive  structures  and  other  accessory 
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apparatuses,  as,  for  example,  somo  controlling  the  light- 
converging  power  of  the  media,  and  others  regulating  the 
size  of  the  aperture  (pupil)  by  which  light  enters.  Out- 
side the  ball  lie  muscles  which  bring  about  its  movements, 
and  other  ysxrls  serving  to  protect  it. 

Each  orbit  is  a  pyramidal  cavity  occupied  by  connective 
tissue,  muscles,  blood- vesfiels  and  nerves,  and  in  great  part  by 
fat,  which  forms  a  soft  cushion  on  which  the  back  of  the 
eyeball  lies  and  rolls  during  its  movementti.  The  contents 
of  the  orbit  being  for  the  must  part  incompressible,  the  eye 
cannot  bo  drawn  into  its  socket.  It  eimpJy  rotates  there, 
as  the  head  of  the  femur  does  in  the  acetabulum.  When 
the  blood-vessels  are  gorged,  however,  the  eyeballs  may  be 
caused  to  protrude  (as  in  strangulation),  and  when  the  ves- 
sels empty  it  recedes  somewhat,  as  ia  commonly  seen  after 
deiith.  The  front  of  the  eye  is  exposed  for  the  purjwse  of 
allowing  light  to  reach  it,  but  can  be  covered  up  by  the 
njelids,  which  are  folds  of  integument,  movable  by  muscles 
and  strengthened  by  platea  of  tibro -cartilage.  At  the  edge 
of  each  eyelid  the  skin  which  covers  its  outside  is  turned 
in,  and  becomes  continuous  with  a  mucous  membrane^  the 
conjunctiva,  which  lines  the  inside  of  each  lid,  and  also 
covers  all  the  front  of  the  eyeball  as  a  closely  adiiercnt 
layer. 

The  upper  eyelid  is  larger  and  more  mobile  than  the 
lower,  and  when  the  eye  is  closed  covers  all  its  transparent 
part.  It  has  a  special  muscle  to  raise  it,  the  levator  palpe- 
hrm  superioris.  The  eyes  are  closed  by  a  flat  circular  mus- 
cle, the  orbicularis  palpebrarum,  which,  lying  on  and  around 
the  lids,  immediately  beneath  the  skin,  surrounds  the  aj>er- 
lure  between  them.  At  their  outer  and  inner  angles  {can- 
(hi)  the  eyelids  are  united,  and  the  apparent  size  of  the  eye 
depends  upon  the  interval  between  the  cauthi,  the  eyeball 
itself  being  nearly  of  the  same  size  in  all  jMjrsons.  Near 
the  inner  canthus  the  line  of  the  edge  of  ciich  eyelid 
changes  its  direction  and  becomes  more  horizontal.  At 
this  i>oint  is  found  a  small  eminence,  the  lachrymal  papilla, 
on  each  lid.  For  most  of  their  extert  the  inner  surfaces 
of  the  eyelids  are  in  contact  with  the  outside  of  the  eye- 
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ball  but,  near  their  inner  ends,  a  red  vertical  fold  of  con- 
junctiva, the  semilunar  fold  [plica  semilunar  is)  interrencf. 
Thifl  is  a  rcmnnnt  of  the  third  eyelid,  or  nicttinti^ig 
inembranCy  found  largely  developed  in  many  aniniab,  iti 
birds,  in  which  it  ciin  be  drawn  all  over  the  exposed  part 
of  the  eyeball.  Qaite  in  the  inner  corner  ia  u  reddish  ele- 
vation,  the  caruncula  lacknjnutU.^y  caused  by  a  collection  of 
sebaceous  glands  imbedded  in  the  semilunar  fold.  Opening 
along  the  edge  of  each  eyelid  are  from  twenty  to  thirty 
minute  conif:anud  sebaceous  glands,  called  the  Meibomian 
folliclo.'^.  Tbt^ir  secretion  is  sonietimefl  abnornially  nhun- 
daut,  and  then  appears  as  a  yellowish  matter  along  the 
edges  of  the  eyelids,  which  often  dries  in  the  night  find 
causes  the  lids  to  be  glued  together  in  the  morning.  Tht? 
eyelasheA  am  short  curved  liairs,  arranged  in  one  or  two 
rows  along  each  lid  where  the  skin  joins  the  conjunctiva. 

Tho  Laohrymal  ApparatiiB  consists  of  the  tear-gland  in 
each  orbit,  the  dacUs  which  carry  its  secretion  to  the  npper 
eyelid,  and  ilic  canals  by  which  this,  unless  when  e^tceKire, 
is  carried  off  from  the  front  of  tlie  eye  without  running 
down  over  the  face.  Tho  lachri/mal  or  tear  glnnd,  about 
the  siise  of  an  nlmond,  lies  in  the  upper  and  outer  part  of 
tho  orbits  neur  tlto  front  end.  It  is  a  compound  racemose 
gland,  from  which  twelve  or  fourteen  ducts  run  and  open 
in  a  row  at  the  outer  corner  of  the  upper  eyelid.  The  se- 
cretion there  poured  out  is  spread  evenly  over  the  exposed 
part  of  tho  eye  by  the  movements  of  winking,  ond  keeps  it 
moist;  finally  it  is  drained  off  by  two  linhrtjnud  ranah^  onO 
(*f  which  oiK'us  by  a  tmall  |K>i*e  {pnnctum  larhrymalts)  on 
each  lachrymal  jiapillii.  The  aperture  of  the  lower  canal 
can  be  readily  Fern  by  examining  tho  corresiwnding  papilla 
in  front  of  a  looking-glass.  The  caualf<  run  inwards  and 
open  iuto  the  hrhri/mrrl  ftrtf\  which  lies  just  outpide  the  no«e, 
in  a  hollow  where  tho  lachrymal  and  sniieriur  maxillari- 
honcs  (L  and  .T/.r.  Fig.  26)*  meet.  From  the  sac  the  naMt 
duel  jtrocceds  to  open  into  tho  nose-chamber  below  the  m- 
fcrior  turbinate  Iwnc  (y.  Fig.  80,  p.  300). 

Tears  arc  courtjmtly  being  secreted,  bat  ordinarily  in 
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siich  quantity  as  to  be  drained  off  into  tlic  nose,  from 
which  they  flow  into  the  pharynx  and  arc  swallowed. 
When  the  lachrymal  ducts  arc  8topj)ed  up,  however,  their 
continual  presence  makes  itself  unj)leasantly  felt,  and  may 
need  the  aid  of  a  surgeon  to  clear  the  passage.  In  tt:eeping 
the  secretion  ia  increased,  and  then  not  only  more  of  it  en- 
ters the  nose,  but  sonic  flows  down  the  cheeks.  The  fre- 
quent swallowing  movements  of  a  crying  cliild,  sometimes 
spoken  of  as  *' gulping  down  liis  passion/'  arc  due  to  tlio 
need  of  swallowing  the  extra  tears  which  reach  the  ])harynx. 


Fro.  ta  —The  erebaUs  and  their  muBcles  as  wen  when  the  totft  of  the  orbtt 
ba.«  twen  ivinoverl  and  the  fal  in  ihe  cnvitv  !uw  l>een  partty  clfarrd  away.  On 
the  right  ilde  the  superior  rectus  tntMcle  has  btvn  nit  awa^.  a,  «xtemal  rec- 
tiw;  I,  superior  rectus;  i,  tntemal  rectus;  t,  BDpertor  oblique. 

The  Musclea  of  the  Eye  (Fie.  1*^3).  The  eyeball  is 
sphcr*)idal  in  form  and  attached  lu'hind  to  the  optic  nerve,  «, 
somewhat  as  It  cherry  might  l>e  to  a  thick  stalk.  On  itjs  outride 
are  inserted  the  tendonsof  six  mtiscles,  four  straight  and  two 
oblique.  The  straight  muscles  lie,  one  (supcrwr  rfWws),  «, 
al>ove,  one  (inferior  rer/us)  hclow,  one  {fixtcrnnl  rrrfus),  a, 
outside,  and  one  {iHteriialrectuii)^  (*,  inside  the  eyeball.  Each 
arisea  behind  from  the  bony  margin  of  the  foramen  through 
which  the  optic  nerve  enters  the  orbit.     In  the  figure, 
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which  represents  theorbicsopened  from  above,  the  sxx] 
rectus  of  the  right  side  hu«  been  remorccL  The  su^ 
oblique  or  pulley  (irocklear)  mnsde^  /,  arises  U^LLnd 
the  et might  muscles  nnd  forms  anieriorlv  a  tej 
«.  which  pa.-?sc8  through  a  fibro-cartilagijioos 
pulley,  placed  nt  the  notch  in  the  froutul  bono  whi 
hounds  superiorly  the  front  end  of  the  orbit.  The  tendon 
then  turns  back  and  is  inserted  into  the  eveball  ht'twcen 
the  upper  and  outer  recti  muBcles.  The  inferior  odliqM 
muscle  does  not  arise,  like  the  rest,  at  the  back  of  the  orbit, 
but  near  its  front  at  the  inner  side,  clotic  to  the  Lichrvmi] 
sac.  it  parses  thence  outwards  and  backwards  beneath  Lha, 
eyeball  to  be  inserted  into  its  outer  and  posterior  ptirU  ^| 

The  inner,  up]»cr»  and  lower  straight  muscles,  the  infcnHj 
oblique,  and  the  elevator  of  the  upper  lid  are  supplied  by 
branches  of  the  third  cranial  nerve  (gee  p.  1G6),  The  *utb 
cranial  nerve  goes  to  the  outer  rectus;  and  tlie  founl 
the  superior  oblit^ue. 

The  eye  may  be  moved  from  side  to  side;  ni>  or  doi 
obli<juelyj   that  ia  neither  truly  vertically  nor  horizontally, 
lint  partly  both;  or,  finally,  it  may  be  rotated  on  its  untero- 
poBtcriur  axis.     The  oblique  movements  are  always  accom^ 
panicd  by  a  slight  amount  of  rotation.     When  the  glano^l 
turned  to  the  left,  the  left  extenial  rectus  and  the  rightm^ 
ternid  contract,  and  rire  versa;  when  up,  both  superior  recti; 
when  down,  both  thi'  inferior.    The  superior  oblique  muscle 
acting  alone  will  roll  the  front  of  the  eye  downwards  and 
outwurda  with  a  certain  amount  of  rotation;  the  inferior 
oblique  does  the  reverse.      In  oblique  movements  two  of 
the  recti  arc  concerned,  an  upper  or  lower  with  an 
or  outer;  at  the  same  time  one  of  the  oblique  also  ali 
contracts.      Movements  of  rotation  rarely,  if  ever, 
alone. 

The  natural  combined  movements  of  the  eyes  by  which 
both  are  directed  simultaneoualy  towards  the  same  point 
depends  on  the  accurate  adjustment  of  all  its  nervo-muscu- 
lar  a])pamtus.  When  the  co-ordination  is  deficient  the 
person  is  eaid  to  squint,  A  left  external  squint  would  be 
caused  by  paralysis  of  the  inner  rectus  of  that  eye.  for  then, 
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'hen  the  cycl)al1  had  been  Lurucd  oat  by  the  external  rec- 
it  would  not  be  brought  back  aguin  to  its  median 
position.  A  left  internal  squitU  would  be  aiufied^  eiuiilarly, 
by  pandyeis  of  the  left  exterual  rectut-;  and  probably  by 
didea&e  of  the  sixth  cranial  nurve  or  ita  braiu-ceutres. 
Dropping  of  the  up]>pr  eyelid  (ptosia)  indicates  parulysia  of 


IM.— The  leftevebAlI  in  horizontal  wotlon  from  before  haek.  I,  nclerotic: 
junctioa  1^  sclerouc  and  cornea:   3.  comea;  -I,  h,  conJunctiTa:  fl  posteilor 

astlo  l*y«r  of  OTTiwa ;  7.  cillar>'  nuiHcl*';  M,  choi-oiii:  11.13  ciliary  prooemcg; 
»H,  Wi;  16,  retina:  16.  optic  ni*nre:  17.  artery  eiit«rin^  retina  in  ojitic  nerve;  18, 
fbToa  centraUa;  10,  re^on  where  sensory  port  of  retlnn  ends    '.*.>.  siispenKory 

KUient;  SB  In  puioed  In  ibe  canal  of  Petit  and  the  line  from  '£i  points  to  it ,  %\. 

wanterlor  part  of  Ihe  hyaluiJ  membrane;  28.  27.2Hare  placed  on  the  lemt, 

\  pointa  tn  the  line  Of  Mwchment  around  It  of  the  siupebaorr  llffament ;  20. 
Vitreous  himior:  30,  Anterior  ctaAmber  of  aqueous  buinor;  81,  poAerior  ubamber 
^aqueous  bumor. 

its  elevator  muscle  (p.  481),  and  is  often  a  serious  symptom, 
as  pointing  to  diseaeo  of  tlio  brain-parts  from  which  it  is 
innervated. 

The  Olobe  of  the  Eye  is  on  the  whole  spheroidal,  but 

consists  of  segments  of  two  spheres  (see  Fig.  194),  a  portion 

»f  a  sphere  of  smaller  radius  formin/j  its  anterior  ti-ansparent 

Impart  and  being  set  on  to  the  front  of  its  posterior  segment, 

which  is  part  of  a  larger  sphere.     From  before  back 
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nicjisnres  about  23.5  millimeters  {-^  inch),  and  from  sidt] 
to  side  about  25  miUimeters  (1  inch).  Except  when  looking! 
&L  near  objects,  the  antero-posterior  axes  of  the  eyeballs  are 
nearly  paritllol,  hut  the  fiptio  nerves  diverge  considerably 
,(Fig.  123);  each  joins  ita  eyeball,  not  at  the  centre,  but  about 
2.5  mm.  (iV  inch)  on  the  nasal  side  of  the  posterior  end  of 
its  antero-posterior  itxis.  In  general  terms  the  eyeball  mar 
be  described  as  consisting  of  three  coah  and  three  rtfrad* 
ing  media. 

The  outer  coat,  1  and  3,  Fig.  124,  consist*  of  the  sderotie 
and  the  cornsaj  the  latter  being  transparent  and  situated  in 
front;  the  former  \s  opaque  and  white  and  covers  the  back 
and  aides  of  the  globe  and  part  of  the  front,  where  it  is  seen 
between  the  eyelids  as  tho  white  of  the  eye.  Both  are 
tough  and  strong,  being  composed  of  dense  connective  tis- 
sue. The  white  of  the  eye  and  the  cornea  are  also  covered 
over  by  a  thin  layer  of  tho  conjunctiva,  4  and  5.  Behind 
the  proper  connective-tissue  layer,  3,  of  tho  cornea  is  a  thin 
structureless  membrane,  C,  lined  inside  by  a  single  layer  of 
epithelial  cells;  it  is  called  the  membrane  of  De^cetnet,  or 
poslcrwr  elastic  layer. 

The  second  coat  consists  of  the  choroid,  9,  10,  the  cUiarf 
proceeaes,  11,  13,  and  tho  i>m,  14.  The  choroid  con«Fts 
mainly  of  blood-vessels  supported  by  loose  connective  tissue 
containiug  numerous  cor]maclos,  which  in  its  inner  layers  are 
richly  filled  with  dark  brown  or  black  pigment  grannies. 
Towards  the  front  of  the  eyeball,  where  it  begins  to  dimin* 
iehin  diameter,  the  choroid  is  thrown  into  plaits,  the  ciliurf 
processes,  11, 12, 13.  Beyond  these  it  continues  as  tho  iri$, 
which  forms  the  colored  part  of  the  eye  which  is  aeeft 
through  tho  cornea;  and  in  the  centre  of  this  a  circular 
ajHTture,  ihapupfl:  so  the  second  coat  does  not,  like  ihc 
outer  out',  completely  envelop  the  ball.  In  tho  iris  art 
two  Hcts  of  plain  muscular  fibres;  a  circular  aroand  thr 
margin  of  the  pupil  and  narrowing  it  when  they  contTWi; 
the  other  set  radiate  from  the  inner  to  the  outer  margin  of 
the  iris  and  by  their  contraction  dilute  tho  puptl.  The 
pigment  in  tho  iris  is  yellow,  or  of  lighter  or  darkrr 
brown,  according  to  the  color  of  the  eje,  and  more  or  1m 
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abundant  according  as  the  eye  i^  black,  browTi,  or  gray.  In 
bhieevfs  tlie  jiig-inent  is  confine*!  to  the  deeper  layers  and 
modified  in  tint  by  light  absorption  in  the  anterior  color- 
less strata  through  which  the  light  passes. 

The  third  coat  of  the  eye,  the  retina^  15,  is  its  essential 
portion,  being  the  part  m  wliich  the  light  produces  those 
chungi^  that  give  rise  to  impulses  in  tlie  optic  nerve.  It 
is  a  still  loss  complete  envelope  than  the  second  tunic,  ex- 
tending forwards  only  as  fur  as  the  commencement  of  the 
ciliary  processes,  at  least  in  its  typical  form.  It  is  e.xtremoly 
soft  and  delicate  aTid,  when  fresh,  transjvarent.  Usually 
when  an  eye  is  opened  it  looks  colorless;  but  by  taking 
proper  precautions  the  natural  purple  color  of  some  of  its 
outer  layers  can  be  seen.  Its  most  external  ln}er,  more- 
over, is  composed  of  black  pigment  cells.  On  its  inner 
surface  two  j)arts,  different  from  the  rest,  can  be  seen  in  a 
fresh  eye.  One  is  the  pomt  of  entry  of  the  upLic  nerve, 
16,  the  fibres  r»f  which,  jwnctrating  the  sclerotic  and 
choroid,  spread  out  in  the  retina.  At  this  jduce  the  retina 
is  whiter  than  elsewhere  and  presents  un  elevation,  the 
optic  mound.  The  other  peculiar  region  is  the  ydlmv  spot 
(tnacula  lutea)^  18,  which  lies  nearly  at  the  postenor  end  of 
the  axis  of  the  eyeball  and  therefore  outside  tlio  optic  mound; 
in  its  centre  the  reLiua  is  thinner  than  elsewhere  and  so  u 
liii{fovea  certirahs)^  18,  is  formed.  This  appears  black,  the 
thinned  retina  there  allowing  the  choroid  to  be  seen  through 
it  more  clearly  than  elsewhere.  In  Fig.  125  is  represented 
the  left  retina  as  seen  from  the  front,  the  elliptical  darker 
patch  about  the  centre  being  the  yellow  spot,  and  the 
white  circle  on  one  side,  the  optic  mouud.  The  vessels  of 
the  retina  Utisc  from  an  artery  (17,  Fig.  124)  which  runs 
in  with  the  optic  nerve  and  from  which  branches  diverge 
OS  shown  in  Fig.  1*25. 

The  Miorosooplo  Structure  of  the  Retina.  A  simplified 
stratum,  continuous  with  the  pro|>or  retina,  and  formed  of 
a  layer  of  nucleated  columnar  cells  is  continued  over  the 
ciliary  processes;  elsewhere  the  membrane  has  a  very  com- 
plex structure  and  a  section  taken,  except  at  the  yellow 
spot  or  the  optic  mound,  shows  ten   layers.  |)artly  sensory 
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apimratuttes  and  uervc-tL86ucSy  uud  partly  accoseory  etrui 
tures. 

Beginning  (Fig.  12C)  on  tho  frunLiiido  we  find,  fir^fc,  thaj 
iniernal  litnitimj  viemhranef  1,  a  thin  structureless  layer. 
Next  comes  tlio  nerve-fibre  lat/er,  2,  formed   Ijv  radiating 
fibres  of  the  optic  nerve;    third,  the  nerve-^ieU  layer^  3; 


Flo.  IXL—Tha  loft  rptlna  an  it  would  bo  a«eii  if  lb«  front  put  of  the  ey«bftU 
with  the  lena  ami  vitreous  humor  were  removed. 

fourth,  the  inner  moleiuilHr  Inyer^  4,  consistting  partly  of 
very  fine  ncrve-fibnls,  and  largely  of  conneirtive  tissue: 
fifth,  the  ifijher  granular  layer,  b,  composed  of  nucleated 
eel]8.  with  u  email  amount  of  protoplasm  at  cnch  end.  sod 
tt  nneleolus.  Tliesc  j/n(««/M,  or  at  any  rate  tlie  majority 
uf  tFieni,  have  an  inner  procejts  ninning  to  the  inner 
molecular  layer  and  an  outer  ninning  to,  6^  the  outrr 
Molecular  lay^,  which  is  thinner  than  the  inner.  Then 
comes.  Beventh,  the  rod  a7id  cone  fibre  layer,  7,  or  outer 
gmnular  layer;  comj»o8od  of  thick  and  thin  fibres  on  each 
of  which  iH  a  conspicuous  nucleus  with  a  nncleolua.  Nwt 
is  the  thin  exfernnl  hiniting  memhraney  8.  perforated  b) 
ai>ertures  through  whicli  the  rods  and  cones,  9,  of  the  ninth 
layer  join  the  fibres  of  the  geventh.  Outride  of  all,  neit 
the  choroid,  is  the  pifftneniary  layer,  10.     In  addition,  cer- 


< 


msToLoar  of  rktisa. 


489 


tain  fibres  niu  vertically  through  the  retina  from  the  inner 
to  the  outer  limiting  membrane;  they  are  known  as  the 
radial  fibres  of  MiiUer  and  give  off  hitfrnl  branches,  which 
are  especially  numerous  iu  the  mulucuhir  layers. 


no.  198.—  A  nwrUon  throuffli  ihR  r^ilnn  fP'"'m  Up  anterior  or  hmfr  sm-fsoe, 
1.  in  cooCACt  with  th«  hj*aloiil  n»«?iiil>  «ni-,  Ui  iin  outer,  id.  in  ciitAct  with  the 
L^borold.  I.  luuTiml  liraitinjf  meiiihnmr;  a.  luTveflhr^'  layi-r;  3,  norro-cell 
layer'  4,  luncr  uolt^ulM*  laver;  S.  Itiutrr  rrauiilar  Inver.  6.  out^T  moleciil&r 
Imrer;  T.  oul»'r  kt  miliar  layer:  8,  exiernal  UmitUig  membrane;  y,n>tJ  and  cune 
layer;  10,  plK*"*""^-*^"  lajp-er. 

On  account  of  the  way  iu  which  thesujiporting  and  essen- 
tial piirts  are  interwoven  in  the  retina  itiauot  easy  to  track 
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tlio  latter  through   it.     Wo  eHuU   find,   however   (Cha 
AXXll.),  tliat  light  tirst  acts  inn)n  the  rod  aiid  cone  layer, 
traversing  all  tlie  thickness  of  inner  strata  of  the  retina 
reach  this,  before  it  can  start  those  changes  wliich  result  i: 
visual  Bcusations;  aiul  it  is  thereiore  probahle  that  the  ro 
and  cones  are  in  direct  continuity  with  the  optic  nerv 
fibres.     The  litiiiting  memhranes,  with  the  fibres  of  Mull 
and  their  hrant^lu^H,  are  uiKloubtedly  acccKSory. 

Kach  niti  and  cone  consists  of  an  ouier  and  an  inner 
segment.  The  outer  segmente  of  both  tend  to  6]>lic  up  traoa- 
Tersely  into  disks  and  are  very  simitar,  except  that  thode<^ 
the  rods  are  longer  than  those  of  the  cones  and  do  nott*per 
as  the  latter  do.  The  inner  £egmentfi  of  the  cones  art' 
swollen,  while  those  of  the  rods  aro  narrow  and  nearly  cy* 
liiidricul.  Over  most  of  the  retina  the  roda  are  longtr  and 
much  niuru  numerous  than  the  cones,  but  near  the  ciliary 
processes  they  ce^ise  before  the  cones  do,  and  in  the  yellow 
spot  elongated  cones  alone  are  found.  In  this  region  tb»  ^ 
whole  retina  is  much  modified;  at  its  margin  all  the  layeriH 
are  thickened  but  especially  the  nerve-cell  layer,  which  is 
here  six  or  seven  thick,  while  elsewhere  the  cells  are  found 
in  bat  one  or  two  strata.  All  the  fibres  also  are  oblique. 
reaching  in  to  becomo  continuous  with  the  cones  of  the 
cciiLriLl  pit,  which  iiro  long,  slender  and  very  closely  packed. 
In  the  fovcA  itself  all  the  layers,  except  that  of  the  conw, 
thin  away,  and  bo  the  depression  is  produced.  The  fovea  i* 
the  seat  of  most  acute  vision;  when  we  look  at  an  object 
we  always  turn  our  eyes  so  that  the  light  proceeding  frofii 
it  shall  be  focusaed  on  this  spot.  Where  the  optic  nen« 
enters,  all  the  layers  but  the  nerve-fibre  layer,  which  ia  tery 
thick,  and  the  internal  limiting  membrane,  are  absent. 

Tlu*  Uloud-vi'ssels  of  the  retina  lie  in  the  nerA'e-fibro  and 
nerve-cell  layers. 

The  Befiractlng  Media  of  the  Cye  are,  in  succeasion  from 
before  buck,  the  rorfwa,  the  atfueouH  humoff  the  cry^atli^ 
lens^  and  the  viirroux  humor. 

Tlie  aqueoHH  humor  fills  the  space  between  the  front  of 
the  lens,  28,  and  the  back  of  the  cornea.    This  space  ic  \ 
completely  divided  by  the  iris  into  an  anterior  chambtff 
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3f),  and  a  posterior,  31  (Fig.  12-t).  Cbomically,  the  aque- 
II  ous  humor  consists  of  wiitor  hoUhng  iu  salution  a  small 
^ft  amount  of  solid  matters,  mainly  common  salt 
^1  The  crystalline  lens  (33,  26,  2?)  is  colorless,  transparent, 
^■and  biconvex,  with  its  anterior  surface  less  cur^'ed  than 
"  the  posterior.  It  is  surrounded  by  a  capsnle,  and  the  inner 
L  edge  of  the  iris  lies  in  contact  with  it  in  front.  In  consist- 
^m  enoe  it  is  soft,  but  its  central  layers  are  rather  more  dense 
^"  than  the  outer. 

The  vitreous  humor  is  a  soft  jelly,  enveloped  in  a  thin 
capsule,  the  hyaloid  membrane.  In  front,  this  membrane 
splits  into  two  layers,  one  of  wliicb,  22,  passes  on  to  be 
filed  to  tlie  lens  a  bttle  in  front  of  its  edge.  This  layer  is 
known  as  the  mnpensory  ligament  of  the  Irn/t;  its  line  of  at- 
I  tachment  around  that  organ  is  not  straight  but  sinuous 
OS  represented  by  the  curved  line  between  28  and  26  in  Fig. 
124.  The  space  between  the  two  layers  into  which  the 
hyaloid  splits  is  the  ranal  of  Petit,  The  vitreous  humor 
consists  mainly  of  water  and  cuntams  some  sails,  a  little 
albumin,  and  some  mucin.  It  is  divided  up,  Ijy  delicate 
membranes,  into  compartments  in  which  its  more  liquid 
portions  are  imprisoned. 

The  Ciliary  Muscle.  Running  aronnd  the  eyeball 
where  the  cornea  joins  the  sclerotic  is  a  little  vein  called 
the  canal  of  Schlemm;  it  is  seen  in  section  at  8  in  Fig.  124. 
Lying  on  the  inner  side  of  this  canal,  just  where  the  iris 
and  the  ciliary  processes  meet,  there  is  some  plain  muscular 
tissue,  imbedded  mainly  iu  the  middle  coat  of  the  eyeball 
B  and  forming  the  ciliary  imiscle,  which  consists  of  a  radtal 
and  a  circular  portion.  The  radial  part  is  much  the  larger, 
and  arises  iu  front  from  the  inner  surface  of  the  sclerotic;  the 
fibres  pass  back,  spreading  out  as  they  go,  and  are  inserted 
into  the  front  of  the  choroid  opposite  the  ciliary  processes. 
The  circular  part  of  the  muscle  lies  around  the  outer  rim  of 
the  iris.  The  contraction  of  the  ciliary  muscJe  tends  to  pull 
forward  (radial  fibres)  and  press  inward  (circular  fibres)  the 
front  part  of  the  choroid,  to  which  the  back  part  of  the  sus- 
pensory ligament  of  the  lens  is  closely  attached.  In  this  way 
the  tension  exerted  on  the  lens  by  it^  ligament  is  diminished. 


in 
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Th.Q  Properties  of  Light.      Before   proceeding    to 
Btiuly  <jf  the  eye  its  jiii  optical  instrument,  it  is  necessary 
recall  brieHy  certain  properties  of  liglit. 

Light  is  considei'ed  a?  ii  fomi  of  movement  of  tlie  particl 
of  an  hypothetical  medium,  or  ether,  the  vibrations  being  ii 
planeB  at  right  angles  to  th(^  lir:e  of  propagation  of  tl 
light.     When  a  stono  ifl  thrown  into  u  jiond  a  series 
circnlar  waves  travel  from  that  point  in  a  horizontal  din 
Hon  over  the  water,  while  llie  piirtielea  of  water  themsclv* 
move  up  and  down,  and   cause   the   surface   inequaliti< 
which  we  see  as  tlie  wavea.    Somewhat  similarly,  light-wavt 
spread  out  from  a  luminous  pointy  but  in  the  same  mediottj 
travel  e<[ually  in  all  directions  so  that  the  point  is  surround* 
by  shells,  of  stibcricid  wuves^  instead  of  rings  of  circuh 
waves  traveling  in  one  plane  only,  as  those  on  the  surfs 
of   the    water.       Starting  from   a    lumiuous   point  ligW 
would  truvel  in  all  directions  along  the  radii  of  a  sphere  of 
which  the  pt>int  is  the  centre;  tlie  light  propagated  along 
cue  such  radius  is  called  a  ray,  and  in  each  ray  the  ethereal 
particles  swing  from  side  to  side  in  a  plane  perpendicuW 
to  the  direction  of  the  ray.     Taking  a  jiarticle  on  any  raj 
it  wonlil  swin;:,^  aside  a  cerbiin  ilistjiuce  from  it,  then  bucl 
to  it  again,  and  ricross  for  a  certain  distance  on  the  other 
Bide;  and  then  back  to  its  original  position  on  the  line  of 
the  ray.     Such  a  movement  is  an  oscilhtiiony  and  takw  » 
certain  time;  in  lights  of  certain  kinds  the  periods  of  o$aQ^ 
Hon  are  all  the  same,  no  matter  how  great  the  extent  or 
amplitude  of  the  oscillation;  just  as  a  given  pendulum  will 
always  complete  its  swing  in  the  sttnie  time  no  matter 
whether  its  swings  be  great  or  small.     Light  compooed  of 
rays  in  which  the  periods  of  oscillation  are  all  eqnat  i> 
called  monochromatic  or  simple  light .  Avhile  light  made  of  i 
mixture  of  oscillations  of  different  periods  is  called  •!•»' 
or  compound  light. 

If  monochromatic  light  is  steadily  emitted  from  a  point 
then,  at  certain  distances  along  a  ray,  we  come  to  pariiilf' 
in  the  same  phai^e  of  opcillaiion,  say  at  their  greatest  dis- 
tance from  their  position  of  rest;  just  as  iuHhe  conoeatric^ 
waves  seen  on  the  water  after  throwing  in  a  atone  we 
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ig"  an y  ratlins  meet,  ut  int<?rvalB,  with  water  raised  most 
aiiovc  its  horizontal  phmeiis  the  rrc*/  of  a  wave,  or  depresse<5 
most  below  it  as  the  hollow  of  a  wave.  The  distance  along 
the  ray  from  crest  to  crest  is  called  a  ivai*e-lrnfjth  and  is 
always  the  same  in  any  given  siaii»le  light;  but  differs  in 
different-colored  lights;  the  briefer  the  time  of  an  oscillation 
tlic  less  the  wave-length. 

When  light  falls  on  a  polished  surface  separating  two 
trans|)arent  media,  as  air  find  ghiss.  part  of  it  is  reflected 
or  turned  back  into  tlie  tirst  medium;  part  goes  on  into 
the  second  medium,  and  is  commonly  deviated  from  its 
original  course  or  refrni'tcd.  The  original  ray  falling  on  the 
surface  is  the  incident  ray. 

Let  -l/y  (Fig.  127)  be  "the 
surface  of  separation;  ax  the 
incident  ray;  and  CD  the 
perpendicular  or  normal  to 
the  surface  at  tlic  point  of 
iucideuce;  ffxt^will  then  be 
the  tiJiffle  of  incidenir.  Tlu.'ii 
the  reflected  my  miik(*i;  an 
ttntfle  of  reflpftion  with  the 
normal  which  is  equal  to 
the  angle  of  incidence;  and 
the  reflected  my  lies  in 
the  same  plane  as  the  inci- 
dent ray  and  tlie  normal  to 
the  surface  at  x.  The  ro- 
fracteil  ray  lies  also  in  the 
same  plane  as  the  normal  and 
the  incident  ray.  but  does  not  continue  in  its  original  direc- 
tion, z/;  if  the  medium  below  A  B  be  denser  than  that 
above  it,  tViC  refracted  ray  is  bent  in  the  direction  xd 
nearer  tliu  nunnal.  and  making  with  it  an  (infjh  of  refrar- 
Hon,  Dxd,  smaller  than  the  angle  of  incidence,  axC,  If. 
on  the  contrary,  the  second  mediuui  be  less  dense  than  the 
first,  the  refracted  ray  x//  is  bent  away  from  the  normal. 
and  makcfl  an  angle  of  refriwrtion*  Dxg,  greater  than  the 
angle  of  incidence.     The  ratio  of  the  sine  of  the  angle  of 
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incidence  to  that  of  the  angle  nf  rcfmction  is  alwayfi  Ib^' 
same  for  the  fianie  two  niodia  with  light  of  the  same  wave- 
length. When  the  first  meilinni  is  air  the  ratio  of  the  sine 
of  the  angle  of  refraction  to  tliat  of  the  angle  of  incidence 
is  called  the  refractive  index  of  the  second  medium.  The 
greater  this  refractive  index  the  more  is  the  refracted  ray 
deviated  from  its  original  course.  Rays  which  fall  i>erjK'u- 
dieularly  on  tiie  surface  of  sepur&tioa  of  two  media  pass  on 
without  refraction. 

Tlie  shorter  the  oscillation  periods  of  light-rays  the  more 
they  are  deviated  by  refraction.     Hence  mixed  light  when 
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sent  through  a  prism  is  {Spread  out^  and  deonm]iofied  Into 
its  simple  constituents.  For  let  a  x  (Fig.  128)  be  a  ray  yf 
mixed  light  composed  of  a  set  of  short  and  a  set  of  long 
ethereal  waves.  When  it  falls  on  the  surface  A  B  of 
the  prism,  that  portion  which  enters  will  he  rcfrat-UHl 
towards  the  normal  ED,  but  the  short  waves  more  than  tbo 
longer.  Hence  the  former  will  take  the  direction  ry,  and 
the  latter  the  direction  xz.  On  emerging  from  the  prism 
both  rays  will  again  bo  refracted,  but  now  from  the  nor- 
mals Fy  aud  G  i,  siuce  the  light  is  passing  from  a  denser  to 
a  rarer  nuHJium.  But  agniu  the  ray  x  y.  made  up  of  shorter 
waves,  would  be  most  deviated,  as  in  the  direction  y  v,  and 
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long  waves  losa,  iu  tiie  direction  i  r.  If  a  sei"ccn  were 
ipnt  at  SS*^  wo  would  receive  on  it  at  sepamte  p<^»ints.  v  and 
r,  the  two  simple  lights  which  were  mixed  together  in  thu 
[Compound  incident  ray  ox.  Such  a  separation  of  light-rays 
is  called  dispersion. 

Ordinary  white  light,  such  as  that  of  the  sun,  is  com- 
posed of  ethereal  vibrationa  of  all  possible  lengths.  Ilence 
when  such  light  is  sent  through  a  prism  it  gives  a  contin- 
uous band  of  light-rays,  known  as  the *o/ar  spectrum,  reach- 
ing from  the  least  refracted  to  the  most  refracted  and  short- 
est waves.  The  exce])tit>ii8  to  this  statement  due  to  Fraueu- 
hofer's  lines  (see  Physifs)  are  unessential  for  our  prosent 
purpose.  All  of  the  6iml^le  lights  into  which  thu  compuund 
solur  light  is  thus  separated  do  unt,  however,  excite  in  us 
visual  sensations  when  tliey  full  into  the  eye.  but  only  i-er- 
taiu  middle  ones.  If  .solar  light  were  used  with  the  priam. 
Fig.  125,  (H^rtjiin  least  refracted  rays  between  r  and  ^S"  would 
not  be  seen,  nor  the  most  refracted  between  rand  -s';  while 
between  v  and  r  would  stretch  a  luminoua  band  exciting  iu 
us  the  series  of  colors  red  (due  to  tlie  Icjist  refi'iieted  visible 
rays),  successively  through  orange,  yellow^  grcon,  bright 
blue,  and  indigo,  to  violet,  which  latter  is  the  seusntiou 
aroused  by  the  most  refrangible  visible  rays.  Thu  still 
shorter  waves  beyoud  the  violet,  are  known  mainly  by  tliBir 
cbeuiicat  ePfecta  and  make  np  what  urc  culled  tho  artinin 
rays;  the  luugor  invisible  wuvch,  beyond  the  red,  exert  a 
powerful  lieatingiuElucucc  and  compose  the  thervial  or  (lark 
heat  rav^.  The  eye,  as  an  organ  for  making  known  to  us 
the  existence  of  ethereal  vibrations.  haj<,  therefore,  only  a 
limited  range. 

Beitactiou  of  Light  by  henaea.  In  the  eye  the  refract- 
ing media  have  the  form  of  lenses  thicker  in  the  centre 
than  towards  the  periphery;  and  we  may  here  confine  our- 
selves therefore  to  such  convenjing  leuftes.  If  simple  liglit 
from  a  point  A,  Fig.  122,  fall  on  such  a  lens  its  rays, 
emerging  on  the  other  side,  will  take  new  directions  after 
refraction  and  meet  anew  at  a  point, «.  after  which  they  again 
diverge.  If  a  screen,  r  r,  be  held  at  a  it  will  thcrefuro 
j-cfcive  an  image  of  the  luminous  point  A,     For  every  con- 
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Tcrging  lens  there  is  sach  a  point  behind  it  at  which 
rays  from  a  given  point  in  front  of  it  meet:  the  point  of 
moetiTig  IS  called  the  conjugate  focus  of  the  point  from 
whu-h.  the  raye  start.  If  instead  of  a  luminous  point  a 
luminous  object  be  placed  in  front  of  the  lens  an  ima^e  of 
the  object  will  be  formed  at  a  certain  distance  behind  it,  for 
all  ray8  proceeding  from  one  point  of  the  object  will  meet 
in  the  conjugule  focus  of  that  point  behind.  The  image 
is  inverted,  as  oan  be  readily  scon  from  Fig.  129.     All  rayg 

from  the  point  A  of  the  object 
meet  at  the  point  a  of  the 
image ;  those  from  B  at  A,  and 
those  from  intermediate  points 
at  intermediate  positions.  If 
the  single  lens  were  replaced 
by  several  combined  so  as  to 
form  an  optical  st/stetn  the 
general  result  would  be  the  same,  provided  the  system 
were  thicker  in  the  centre  than  at  its  perij»hery. 

The  Camera  Obsoura,  as  used  by  photographers,  is  an 
instrument  which  serves  to  illnstrate  the  formation  of 
images  by  converging  systems  of  lenses.  It  consists  of  a 
box  blackened  inside  and  ha>ing  on  its  front  face  a  tube 
containing  the  lenses;  the  posterior  wall  is  made  of  ground 
glass.  If  the  front  of  the  instrument  bo  directed  on  ex- 
terior objects^  inverted  and  diminished  images  of  them  will 
be  formed  on  the  ground  glass;  those  images  are  only  well 
defined,  at  any  one  time,  which  are  at  such  a  distanw  in 
front  of  the  instrument  that  the  conjugate  foci  of  points 
on  them  fall  exactly  on  the  glass  behind  the  lens:  objects 
nearer  or  further  off  give  confused  and  indistinct  images: 
but  by  alttriug  the  distance  l)etween  the  lenses  and  the 
ground  glass,  in  common  language  "focusing  the  instru- 
ment," either  eun  be  made  distinct.  For  near  objects  the 
lenses  must  be  farther  from  the  surface  on  which  the 
image  is  to  \to  received,  and  for  distant  nejirer.  The 
reason  of  this  may  readily  be  seen  from  F'lg.  130.  If  the 
system  of  lenses  brings  the  parallel  raya  a  c  and  b  d,  pro- 
ceeding from  an  infinitely  distant  object,  to  a  focus   at  t. 
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then  the  diverging  vixv^fr  and  /V,  ]irocecJing  from  a  nearer 
point,  will  be  hurder  Co  bend  roiuui,  ^o  to  speak,  and  will 
not  meet  until  a  point  ?/,  furl  her  behind  the  eystem  than 
X  IS.  The  more  divergent  iht-  niys,  or  what  iimuinitato  the 
same  thing,  the  nearer  the  point  they  proceed  from,  the 
farther  behind  the  refracting  system  will  y  be. 
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The  eye  is  such  a  eystem,  made  up  of  the  four  refracting 
media,  cornea,  aqueous  humor,  lens,  and  vitreous  humor. 
Tliose  four  metlia  are,  however,  reduced  lu  three  prac- 
tic4illy,  by  the  fact  that  the  indices  of  refraction  of  the 
cornea  and  aqueous  humor  are  the  same,  so  that  they  act 
together  as  one  converging  len8.  The  Hurfjiees  at  which 
refi'action  occurs  are — (1)  that  bptwecin  the  air  and  ihe 
cornea,  ("l)  that  between  the  arjueoiis  humor  and  the  front 
of  the  icus,  (3)  that  between  tiio  viireou8  humor  and  the 
back  of  the  lens.  The  refractive  indices  of  those  media  are 
— the  air,  1;  the  aqueous  huuior,  1.3379;  the  lena  (average), 
1.4545;  the  vitreous  humor,  1.3379.  From  the  laws  of  the 
refraction  of  liglit  it  therefore  follows  that  (Fig.  131)  the 
rays  c  d  will  at  the  conical  surface  be  refracted  towards  the 
normals  A',  iV,  and  take  the  course  f/ p.  At  the  front  of 
lens  they  will  again  be  refracted  towards  the  normals  to 
that  snrfacc  and  lake  the  course  f  f;  at  the  back  of  the  lens, 
pivssing  from  a  more  refracting  to  a  less  refracting  metiium, 
they  will  be  bent  from  the  normals  A'"  and  take  the  course 
/  g.  If  the  retina  be  there,  these  parallel  rays  will  therefore 
be  brought  to  a  focus  on  it.  In  the  resting  condition  of 
the  natural  eye  that  i8  what  happens  to  parallel  ray?*  entering 
it.  and.  since  distant  objects  .send  into  the  eye  rays  which 
are   practically  parallel,  such  uhjeci^  arc  seen  distinctly 
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without  any  effort;  till  rays  emanating  from  a  point  of  tfii 
object  meet  an;aiti  ui  one  point  on  the  retina. 

Accommodation.    Pointson  nearobjectjssctid  into  theeyi 
diverging  rays:  lliese  tlierefore  would  not  come  ton  foruson' 
tiie  retina  but  behind  it,  and  would  not  be  tven  distinctly,* 
did  not  some  change  occur  in  the  eye:  since  we  ciin  see  tbemi 
(|iiiti'  phiinly  if  wo  trhoose  (unices  they  be  very  near  indeed). 
ihere  nnint  exist  some  means  by   which  the  eve   is  adapted 
or  tn'cunmwdttied  for  looking  at  ol>jects  at  different  distances. 
That  some  change  does  oucur  one  can,  also,  readily  prop's 


Fio.  1S1.— DIagrmm  fUustratlng  the  mirfaces  at  which  U^ht  U  refracted  In 

eye. 


by  observing  that  we  cannot  sec  distinotly,  lit  the  Game 
moment,  })^^th  near  and  rlistant  objects.  For  exampU^ 
standing  at  a  wifidow,  behind  a  lace  cnrtain,  we  win  if  we 
chooHG  look  at  the  threads  of  the  luce  or  the  honses  acro^ 
the  street:  but  wlien  we  look  at  the  one  we  only  see  the 
otlier  indi.stiurtly;  and  if.  after  k>oking  at  the  more  distant 
object,  we  look  at  the  nearer  we  exjierience  a  distinct  een^ 
of  effort.  It  is  clear,  then,  that  something  in  the  eye  ia 
different  in  the  two  cases.  The  resting  eye,  suited  for  dis- 
tinotly  seeing  distant  objerts,  might  conceivably  be  ai'coni- 
niodatCMl  for  nrnir  vision  in  several  ways.     The  refracting 
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indices  of  iu  media  might  Ix'  increased;  that  of  course  does 
ui»t  happen;  the  physical  properties  of  tlie  media  arc  the 
Hiinw.  iu  both  cases:  or  tJie  distance  of  the  retina  from 
the  refracting  surfaces  might  be  increased,  for  example  by 
(.onipression  of  the  eyeball  by  the  musclea  around  it;  how- 
ever, experiment  shows  that  changes  of  accommodation  can 
I»e  bronght  about  in  the  fresh  excised  eyes  of  animalti,  in 
which  no  such  compression  is  possible;  we  are  thus  reduced 
to  the  third  explanation,  that  the  refracting  surfaces,  or 
some  of  them,  become  more  curved,  and  so  bring  more 
diverging  rays  sooner  to  a  focus;  since  a  lens  of  smaller 
curvature  is  more  converging  than  one  of  greater  curvature 
composed  of  the  same  material.  Observation  shows  that 
this  is  what  actually  happens:  the  corneal  surface  remains 
unchanged  when  a  nejir  object  i.s  looked  at 
after  a  distnnt  one,  bnt  tl»o  anterior  sur- 
face of  tlie  len3  becomes  considerably  more 
convex  and  tlie  posterior  slightly  so.  As 
already  pointe<i  out  when  liglit  meetri  the 
separating  surface  of  two  media  some  is 
reflectt'd  and  some  refracted  (p.  493).  If, 
therefore,  a  person  be  tjikeu  into  a  dark 
room  and  a  candle  held  on  one  siile  of  his 
eye,  while  he  looks  at  a  distant  object  an 
observer  can  see  three  images  of  its  flame 
in  his  pupil,  due  to  thut  part  of  the  light 
reflected  from  the  surfaces  between  the  media.  One  («, 
Fig.  132)  is  erect  and  bright,  reflected  from  the  convex 
mirror  formed  by  the  cornea;  the  next,  A,  is  dimmer  and  also 
erect;  it  cornea  from  the  front  of  the  lens.  The  thin!,  r, 
is  dim  and  invertrrl,  bring  reflected  from  the  concave  mirror 
(see  Physics)  formed  by  the  back  of  the  lens.  If  now  the 
observed  eye  looks  at  a  near  object  in  the  same  line  as  the 
distant  point  previously  looke<l  at,  it  is  seen  that  the  imago 
due  to  corneal  reflection  remains  unchanged;  that  due  to 
light  from  the  front  of  tlie  lens  becomes  smaller  and  brighter, 
indicating  (sec  Physics)  n  greater  convexity  of  tht^  reflecting 
surface;  the  image  from  the  biwrk  of  the  lens  al^n  becomes  verv 
sligl»tly  smaller,  indicating  a  feebly  increased  curvature. 
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Aoromin<yiatLoa  U  broaghc  aboai  ibaiiiIt  br  the  ciliftir 
ma«cle.     In  tb«  resdog  eye  it  if  reUxed  and  cbe  snspeiuoiT 

ligament  of  the  leoi  U  caqc  and.  palling  oa  iu  cdge^  drags 
it  oac  Uterallj  a  litile  and  flanens  he  smrfaces,  especiaUj 
the  anter.or.  since  the  li;zainent  if  attached  a  little  in  front 
of  the  edge.  To  see  a  nearer  object  the  eiUarr  mtucle  is 
contracted,  and  siccc*rding  to  tlie  degree  of  ita  contz«ctioii 
tlackens  the  sOfpen^onr  ligament  ipu  4dl),  and  then  the 
elastic  lens,  relieved  from  the  lateral  drag,  bulges  cmt  a 
little  in  the  centre. 

Short  Sight  and  Long  Sight.     In  the  ere  the  range  of 
accommodation  is  Teir  great,  allowing  the  rays  from  points 

infinitely  distant  np  to  thoee 
from  points  abunt  eight  inches 
in  front  of  the  eye  to  be 
broDgfat  to  a  focus  on  the  re- 
tina. In  the  normal  eye  par- 
allel rays  meet  on  the  retina 
when  the  ciliary  maade  is 
completely  relaxed  {A,  Fig. 
133).  Such  eyes  are  emme- 
tropic.  In  other  eyes  the  eye- 
ball IS  too  long  from  before 
back:  in  the  resting  state  par- 
allel rays  meet  in  front  of  the 
retina  ( B),  Persons  with  such 
even,  ilierefore,  cannot  see  distant  objects  distinctly  without 
ti»e  aid  of  diverginj^  (concave)  spectacles;  they  are  ^ori- 
HtghM  or  myopir.  Or  the  eyeball  may  be  too  short  from 
l>cfore  bac^k;  then,  in  the  resting  state,  parallel  rays  are 
brought  to  a  focus  behind  the  retina  (6*),  To  sec  oven 
infinitely  di^itant  objects,  such  persons  must  therefore  use 
their  ac(;ommodating  apparatus  to  increase  the  converging 
]K»wer  of  the  lens;  and  when  objects  arc  near  they  cannot, 
with  the  greatest  effort,  bring  the  divergent  rays  proceeding 
from  them  to  a  focus  soon  enough.  To  get  distinct  retinal 
jinages  of  near  objects  they  therefore  need  converging  (con- 
vex) Hpectacles.  Such  eyes  are  called  hypermetropic,  or  in 
common  language  huff-sighfed. 


Tin.  m  — TMAi^rmmintKtrmtiiijpthe 
pftth  of  pftnllH  ravH  after  enterinK 
an  '•mm*-tnipic  tA*.  a  myopic  iBt, 
an<l  a  h>7*nnetn>plc  *€>  eye. 
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Hygienic  Bemarka.  Since  ranecular  efTurt  is  needed  by 
the  normal  eye  to  see  near  objecta,  it  is  clear  why  the  jin>- 
longed  contemplation  of  such  is  more  fatiguing  tliiin  look- 
ing at  more  distant  things.  If  the  eye  be  h\7>ermetropic  still 
xnore  is  this  apt  to  be  the  case,  for  then  the  ciliary  muscle 
liiis  no  rest  when  the  eye  is  used,  and  to  read  a  book  at  a 
distance  such  that  enough  light  is  reflected  from  it  into  the 
eye  in  order  to  enable  the  letters  to  he  seen  at  all,  requires 
an  extraordinary  effort  of  accommodation.  Such  persons 
complain  that  they  can  read  well  enough  for  a  time,  but 
soon  fail  to  be  able  to  sec  distinctly.  This  kind  of  weak 
sight  should  always  lead  to  examination  of  the  eyes  by  an 
oculist,  to  see  if  glasses  are  needed;  otherwise  severe  neu- 
ralgic iMiins  about  the  eyes  are  apt  to  come  on,  and  the 
overstrained  organ  may  be  permanently  injured.  Old  per- 
sons Jire  apt  to  have  such  eyes;  but  young  childen  frequently 
also  possess  thcin,  and  if  so  should  at  once  be  provided 
with  spectacles. 

Short-sighted  eyes  appear  to  be  much  more  common  now 
than  formerly,  especially  in  those  given  to  literary  pursuits. 
Myopia  is  rare  among  those  who  cannot  read  or  who  live 
mainly  out  of  doors.  It  is  not  so  apt  to  Jead  to  per- 
manent injury  of  the  eye  as  is  the  opposite  condition,  but 
the  effort  to  see  distinctly  objects  a  little  disttuit  is  apt 
to  produce  headaches  and  other  symptoms  of  uervoua 
exhaustion.  If  the  myopia  become  gradually  worse  the 
eyes  should  be  rested  for  several  m()nths.  Short-sighted 
persons  are  apt  to  have»  or  acquire,  peculiarities  of  apfn'ar- 
ance:  their  eyes  are  often  prominent,  indicative  of  the 
abnormal  length  of  the  eyebalL  Tliey  also  get  a  habit  of 
*•  screwing"  up  the  eyelids,  probably  an  indication  of  an 
effort  to  compress  the  05'ebail  from  before  back  so  that 
distant  objects  may  be  better  seen,  TJiey  often  stoop,  too, 
from  the  necessity  of  getting  their  eyes  near  objects  they 
•want  to  see.  The  acquirement  of  such  habits  may  be 
usually  preventcil  by  the  use  of  proper  ghwses.  On  the 
other  hand  "it  is  said  that  myopia  even  induces  peculiari- 
ties of  character,  and  that  myopes  are  usually  unsuspicious 
and  easily  pleased;  being  unable  to  observe  many  little 
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iTiftttcrs  in   tlie  demeanor  or  expresaion    of    those  wi'tlil 
whom   they  conversp.  which,   being   noticed    by   th«>se  (»i 
tjuickcr  sight,  might  induce  feelings  of  distrust  or  annoT- 
ftnce. " 

In  old  ago  the  eyeball  tends  to  bocomo  flattened;  henci 
emmetro]>ic  cyos  become  hypermetropic  and  old  perfion.i 
arc  usually  **  long-sightxsd  "  and  need  convex  glasses.  Such 
a  flattening  of  the  eyeball  is  of  course  a  relief  to  the 
myopic  eye;  and  bo  short-sigh  tod  persons  can  frequently,  fl 
when  old.  still  read  without  glasses.  But  thie  is  poor  com- 
]ieiisution  for  the  mistiness  with  which  everything  around 
them,  except  very  near  objects,  ha«  been  seen  throughout 
their  previous  life. 

In  all  forms  of  deficient  accommodation  too  strong  glaaiof 
will  injure  the  eyes  irreparably,    increasing    the   dofecU  ^ 
they  are  intended  to  relieve.     Skilled  advice  should  therr-  V 
fore  be  invariably  obtained  in  their  selection,  except  per- 
haps in  tlie  long-sightedness  of  old  age  when  the  sufferer 
miiy  toleraLIy  safely  select  for   himself  any  glasses   thai 
allow  him  to  read  easily  a  book  about  30  centimeters  {Vl 
inches)  from  the  eye.     As  age  advances  stronger  lenses  ^ 
must  of  course  be  obtained.  ■ 

Optical  Defecta  of  the  Eye.     The  eye,  though  it  nn- 
gwors  admirubly  as  a  physiological  instrnment,   is  by  no 
means  jiorfcct  optically:  not  nearly  so  good.,  for  example, 
ai<  a  good  microscope  objective.     The  main  defects  in  it  are    h 
d\ie  to —  H 

1.  ('hroiiintii'  Ahervntiitn.  As  already  ]>ointed  out  the 
i*ays  at  the  violet  end  of  the  solar  spectrum  are  more  re- 
fi-angible  than  tliose  at  the  red  end.  Hence  they  are 
brought  to  a  focus  ,mKiner,  The  light  emanating  from  a 
])()int  on  ft  wliite  object  does  not,  therefore,  all  meet  in  one 
]ininton  thercHna;  but  the  violet  niys  come  to  a  focus  first, 
then  the  indigo,  nud  so  on  to  the  red,  farthest  back  of  all. 
If  the  eye  is  accommodated  so  as  to  bring  to  a  focus  on  the 
retina  parallel  red  r:iy.^  then  violet  rays  from  the  same 
source  will  meet  half  n  millimeter  in  front  of  it,  and  cross- 
ing and  diverging  there  make  a  little  violet  circle  of  diffu- 
sion around  the  red  point  on  the  retina.    In  optical  instra- 
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meats  this  defect  is  remedied  by  combining  together  lenses 
made  of  different  kinds  of  glass;  such  compomul  lenses 
are  called  ivhromntic. 

The  general  result  of  chrtimatic  aberration,  a^  may  be 
ficeu  in  a  bad  opera-glass,  is  to  cau?c  colored  borders  to  ap- 
jjoar  around  the  edges  of  the  images  of  objccU.  In  the  eye 
we  usually  do  not  notice  such  borders  unless  we  especially 
look  for  them;  but  if,  while  a  white  surface  is  looked 
at,  the  edge  of  an  opaque  body  be  brought  in  front  of  the 
eye  so  as  to  cover  half  the  pupil,  colorations  will  l>e  seen 
at  its  margin.  If  accommodation  n  inexact  they  appear 
also  when  the  boundary  between  a  whit*'  and  a  black  sur- 
face is  observed.  The  phenomeiuv  due  to  chromatic 
aberration  are  much  more  easily  Been  if  light  containing 
only  red  and  violet  rays  be  used  instead  of  white  light  con- 
taining all  the  rays  of  intermediate  rt^frangibJlity.  Ordi- 
dinary  hhic  glass  only  lets  through  tliese  two  kinds  of  rays. 
If  a  bit  of  it  be  placed  over  a  very  small  hole  in  an  ojmqne 
shutter  and  tlie  sunlight  be  sulTercd  to  enter  through  the 
hole,  it  will  be  found  tluit  with  one  accommodation  (that 
for  the  rod  rays)  a  red  point  is  seen  with  a  violet  border, 
and  with  another  (that  at  which  violet  rays  are  brought  to 
a  focus  on  the  retina)  a  violet  point  is  seen  with  a  red 
aureole. 

2.  Spherical  Aberraiion.  It  is  not  quite  correct  to  state 
that  ordinary  lenses  bring  to  a  focus  in  one  point  1}Ghiud 
them  rays  proceeding  from  a  point  in  front,  oven  when  these 
are  all  of  the  same  refrjingibility.  Convex  lenaca  whose 
surfaces  are  segments  of  spheres,  as  are  those  of  the  eye, 
bring  to  a  focus  sooner  the  rays  which  pass  through  their 
marginal  than  those  through  their  central  parts.  If  the 
rays  proceeding  from  u  jioint  and  traversing  the  lateral 
part  of  a  tens  be  brought  to  a  focus  at  any  point,  then 
those  passing  through  the  centre  of  the  lens  will  not  meet 
until  a  little  beyond  that  point.  If  the  retina  receive  the 
image  formed  by  the  periphei-al  rays  the  others  will  form 
around  this  a  small  lumino\is  circle  of  light — such  aa  would 
be  formed  by  sections  of  the  cones  of  converging  rays  in  Fig. 
122,  taken  a  little  in  front  of  r  r.    This  defect  is  found  in  all 
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Optical  instruments,  as  it  is  impossible  iu  practice  to  grin 
lenses  of  the  non-spherical  curvatures  neuessiry  to  avoid 
it.  In  our  eyes  its  effect  is  to  a  largo  extent  corrected  in 
the  following  ways — (a)  The  opaque  iris  cuts  off  many  of 
the  external  and  more  strongly  refracted  rays,  preventing 
them  from  rcaclung  the  retina,  (b)  The  outer  layers  of 
the  lens  are  less  refracting  than  its  central;  hence  the  rays 
passing  through  its  peripheral  parts  are  less  refracted  than 
those  passing  nearer  its  axis. 

3.  Irregularities  in  Curvature.  The  refnicting  surface 
of  our  eyes  are  not  even  truly  spherical;  thia  is  pspeciallv 
the  case  with  the  comeii,  which  is  very  rarely  curved  to  Uie 
same  extent  iu  its  vertical  atul  horizontal  diameters.  Sup- 
pose the  vertical  meridian  to  be  the  most  curved;  then  the 
rays  proceeding  from  points  along  a  vertical  line  will  be 
brought  to  a  focus  fioonor  than  those  from  points  on  a  hori- 
zontivl  line.  If  the  eyo  is  accommodated  to  see  distinctly 
the  vcrticitl  line,  it  will  sec  indistinctly  the  horizontal  and 
vicBVerm,  Few  people  therefore  see  equally  clearly  at  onco 
two  lines  crossing  one  another  at  nght  angles.  The  pheno- 
menon is  most  obvious,  however,  when  a  scries  of  concentric 
circles  (Fig.  134)  is  looked  at:  then  when  the  linos  apjx^ar 

shmp  aloug  some  sectors, 
thej  arc  dim  along  tlie 
rest.  When  this  defect, 
known  as  astigwatiifm,  is 
marked  it  causes  serious 
troubles  of  vision  and  re- 
qnires  peculiarly  shaped 
glu<^ses  to  counteract  it. 

4.    Opaque    Bodies    in 
the     Refraeiing     Media. 
In  diseased  eyes  the  lens 
may  bo  opaque  {cataract) 
and    need     removal;     or 
opacities    from    ulcers  or 
wounds  may  exist  on  the  comea.     But  even  in  the  best 
eye  there  arc  apt  to  be  small  opaque  bodies  in  the  vitreous 
humor  causing  WJMW(?t'o/»Vtin^etf;  that  is,  the  appearance  of 
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rohm^bedieB  floating^in  space  ottteide  the  eye,  but  chang- 
ing their  position  when  the  position  of  the  eye  changes, 
by  which  fact  their  origin  in  interral  causes  may  be  recog- 
nized. Many  persons  never  see  them  until  their  attention 
is  called  to  their  sight  by  some  weakness  of  it,  and  then 
they  think  they  are  new  phenomena.  Visual  phenomena 
due  to  causes  in  the  eye  itself  are  called  entoptic;  the  most 
interesting  are  those  due  to  the  retinal  blood-vessels  (Chap. 
XXXII.).  Tears,  or  bits  of  the  secretion  of  the  Meibo- 
mian glands,  on  the  front  of  the  eyeball  often  cause  distant 
luminous  objects  to  look  like  ill-defined  luminous  bands  or 
patches  of  various  shape.  The  cause  of  such  appearances  is 
readily  recognized,  since  they  disappear  or  are  changed 
after  winking. 


CHAPTER    XXXIL 


THE  EYE  AS  A  SENSORY  APPARATUS. 

The  Excitation  of  the  Visual  Apparatiia.  The  excita- 
ble visual  apparatus  for  each  eye  consists  of  the  retina,  the 
optic  nen-e,  and  the  brain-centres  connected  with  the  latter; 
however  stimulated,  if  intact,  it  causes  visual  seusatious.  In 
the  great  majority  of  cases  its  excitant  is  objective  light, 
and  so  we  i*efer  all  stimulations  of  it  to  that  cause,  unlef« 
we  have  special  reason  to  know  the  contrary.  As  already 
pointed  out  (p.  4tiK)  pressure  on  the  eyeball  causes  a  lumi- 
nous sensation  (phosphone),  which  suggests  itself  to  us 
as  dependent  on  11  luminous  body  situated  in  space  where 
such  au  object  must  l>e  va  order  to  excite  the  same  j»art  of 
the  retina.  Since  all  rays  of  light  penetrating  the  eye, 
except  in  the  lino  of  its  long  axis,  cross  that  axis,  if 
we  press  the  outer  side  of  the  eyeball  we  get  a  visual  sensa- 
tion referred  to  a  luminous  body  on  the  nasal  side;  if  we 
press  below  we  see  the  luminous  patch  above,  and  so  on. 

Of  course  different  rays  entering  the  eye  take  different 
paths  tfirougli  it.  but  on  general  optical  principles,  which 
cannot  here  be  detailed,  we  may  traoe  all  oblique  rays 
through  the  organ  by  assuming  that  they  meet  and  leave 
the  optic  axis  at  what  are  known  as  the  nodal poinh  ot 
the  system;  these  {kk',  Fig.  135)  lie  near  together  in 
the  lens.  If  we  want  to  find  where  rays  of  light  from  A 
will  meet  the  retina  (the  eye  being  properly  accommodated 
for  seeing  an  object  at  that  distance)  we  draw  a  line  from 
A  to  k  (the  first  nodal  point)  and  then  another,  parallel  to 
the  first,  from  k'  (tlic  second  nodal  point)  to  the  retina. 
The  nodal  points  of  the  eye  lie  so  near  together  that  for 
practical  purposes  we  may  treat  them  as  one  (k,  Fig.  136), 
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placed  near  the  back  of  the  lens.  By  manifold  cxpencnce 
we  Imvc  learnt  that  a  luminous  body  {A  Fig.  136)  which  we 
see,  always  lies  on  the  prolongation  of  the  line  joining  the 
excited  part  of  the  retina,  a,  und  the  nudal  point,  k,    Hcnoe 


Fm.  m— Diairmn  llluscntin;  iha  points  at  which  InddeDi  n,y%  in  the  t^ 
meet  Xhc  retina  x z,  oplloaxl.*,  k.  drnt  nodal  poiui;  k\  m>cond  nodal  point; 
t>.  point  wherv  rli»?  image  of  B  wmil.l  In*  fnnnfil,  werv  the  pje  prop*.»rty  acoom 
m<>iat«<l  f»r  It.  II,  thm  rethial  jmint  wliere  Itm  [ma^t*  uf  A  uoufii  lie  formed. 

any  excitation  of  that  part  of  tlie  retina  makes  U8  think  of  a 
Inminous  body  somewlicre  on  the  line  a  Ay  and,  simdurly, 
any  excitation  of  ft»  of  a  body  on  the  line  b  B  or  its  pro- 
longation.    It  is  only  other  conflicting  experiences,  as  that 


1 


Fin,  Dfi.— DUcrurun&tio  a«cUoa  through  the  cfctAlL 
nodal  polnt- 


XX,  opUc  axis;  k. 


with  the  eyes  closed  external  bodies  do  not  excite  visual 
sensations,  and  the  constant  connection  of  the  pressure  felt 
on  the  eyelid  with  the  visual  sensation,  that  enable  us 
when  we  press  the  eyeball  1o  conclude  tbat^i  in  spite  of  wh|it 
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we  seem  to  see,  the  luniinous  densation  is  not  due  to  objccdre 
light  from  outside  the  eye. 

The  Idl<>-R«tinal  Light.  The  eyelids  are  not  by  any 
meHiifi  j>erfectly  opaque;  in  ordinary  daylight  they  still  allow 
a  considei'abk'  (juantity  of  light  to  penetrate  the  eye.  as  auy 
one  may  observe  by  passing  his  hand  in  front  of  the  clo«?d 
eyes.  But  even  in  a  dark  room  with  the  eyes  completely 
covered  up  so  that  no  objective  light  can  enter  them,  there 
18  stil!  experienced  n  small  amount  of  visual  sensation  due  to 
internal  causes.  The  field  of  vision  is  not  absolutely  dark 
hat  slightly  luminous,  with  brighter  fleeting  patches  trav- 
ersing  it.  These  are  especially  noticeable,  for  example,  in 
trying  to  sec  and  grope  onc*8  way  with  the  eyes  open  up  a 
]>erfectly  dark  staircase.  Then  the  luminous  patches  attract 
special  attention  because  they  are  apt  to  be  taken  for  the 
signs  of  objective  realities;  they  become  very  manifest  wheu 
any  sudden  jar  of  the  Body,  due  for  example  to  knocking 
against  something,  occurs;  and  have  no  doubt  given  rise  to 
many  ghost  stories.  These  visual  sensations  felt  in  tiio 
absence  of  all  external  stimulation  of  the  eyes,  may  for  cod* 
venienco  be  spoken  of  as  due  to  the  idio-retiual  light, 

Tho  Excitation  of  the  Visual  Apparatus  by  Light. 
LiL^iL  only  excites  the  retina  wheu  it  reaohes  its  nerve  end 
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organs,  the  rnds  and  cones.  The  proofs  of  this  are  several 
1.  Light  does  not  arouse  visual  sensations  tchen  it  falls 
dirprthf  on  thefhrc^  of  the  optic  nerve,  Where  this  nerve 
enters  (p.  490)  is  a  retinal  part  possessing  only  nerve-fibres, 
and  this  part  is  blind.  Close  the  left  eye  and  look  steadily 
with  the  right  at  the  cross  in  Fig.  137,  holding  the  book 
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verticallr  in  front  of  the  face,  and  inoriug  it  to  and  fro. 
It  will  be  found  that  at  about  25  centimotora  (10  inchcH) 
off  the  white  circle  disappears;  but  when  the  page  is  nearer 
or  farther,  it  is  seen.  During  the  exj>erimcnt  the  gaze  must 
be  kept  fixed  on  the  cross.  There  is  thus  iu  the  tield  of 
vision  a  bluid  spot,  and  it  is  easy  to  show  by  measurement 
that  it  lies  where  the  optic  nerve  centres. 

When  the  right  eye  is  fixed  on  the  cross,  it  is  so  directed 
that  rays  from  this  fall  on  the  yellow  spot,  y.  Fig.  138. 
The  mys  from  the  circle  then  cross  the  visual  axis  at  the 
nodal  point,  n,  and  meet  the  retina  at  o. 
If  the  distance  of  the  eye  from  the  paper 
be/t  and  that  of  the  nodal  point  from  the 
retina  (which  is  15  mm. )  be  F,  then  the  dis- 
tance, on  the  paper,  of  the  cross  from  the 
circle  will  be  to  the  distance  of  y  from  o  as 
/  is  to  F.  Measurements  mode  in  this 
way  show  that  the  circle  disappears  when 
its  image  is  thrown  on  the  entry  of  the 
optic  nerve,  which  lies  to  the  nasal  side  of 
the  yellow  spot  (p.  487). 

2.  The  aboTe  experiment  having  shown 
that  light  does  not  act  directly  on  the 
optic  nerve-fibres  any  more  than  it  does 
on  any  other  nerve-fibres,  we  have  next  to 
Bee  in  what  part  of  the  retina  those  changes 
do  first  occur  which  form  the  link  between 
light  and  nervous  impulses.  They  or.rur  in 
iftt  outer  part  of  the  retina,  in  tfie  rods  nntf  foncs.  This  is 
proved  by  what  is  called  Purkinje's  experiment.  Take  a 
candle  into  a  dark  room  and  look  at  a  surface  not  covered 
with  any  special  pattern,  say  a  whitewashed  wall  or  a  plain 
window-shade.  Hold  the  candle  to  the  side  of  one  eye  and 
close  to  it,  but  so  far  back  that  no  light  enters  the  pupil 
from  it;  that  is  so  far  back  that  the  flame  just  cannot  be 
seen,  but  so  that  a  strong  light  is  thrown  on  the  white  of 
the  eye  as  far  back  as  ]>ossible.  Then  move  the  candle  a 
little  to  and  fro.  The  surface  looked  at  will  appear 
luminoua  with  reddish-yellow  light,  and  on  it  will  be  seoa 
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dark  branching  lines  which  nro  the  shadows  of  the  rel 
vessels.  Now  in  onier  that  tliese  shadows  inav  be  seth  the 
part5  on  which  the  light  tLcXs  most  be  behind  (he  \eemk, 
that  is  in  the  outer  layers  of  the  retina  since  the  remt^ 
lie  (p.  490)  in  its  inner  strata. 

If  the  light  i8  kept  steady  the  vascular  shadows  soon  di*- 
ap|>ear;  in  order  to  continue  to  see  them  the  candle  mofi 
he  kept  moving.  The  explanation  of  this  fact  may  readO/ 
be  made  clear  by  fixing  the  eyes  for  ten  or  fifteen  second* 
on  the  dot  of  an  •'  i"  aomewhere  about  the  middle  of  this 
jtage:  at  firet  the  distinction  between  the  slightly  luminoQi 
block  letters  and  the  highly  luminous  white  page  is 
obvious;  in  other  words,  the  different  sensations  anal 
from  the  Ptrongly  and  the  feebly  excited  areas  of  the  ret 
But  if  the  glance  do  not  be  allowed  to  wander,  very 
the  lettcrn  become  indistinct  and  at  last 
altogether;  the  whole  page  looks  uniformly  grayish. 
reason  of  thi;^  is  that  the  powerful  stimulation  of  the  ret 
by  the  light  reflected  from  the  white  part  of  the  page  soon 
fatigues  the  part  of  the  visual  apparatus  it  acts  upon;  and  as 
I  his  fatigue  progi^esses  the  stimulus  produces  less  and  \em 
effect.  The  parts  of  the  retina,  on  the  other  hand,  whi 
I'cceive  light  only  from  the  black  letters  are  very  little  stii 
lated  and  retain  their  original  excitability  so  that,  at  loit, 
the  feebler  excitation  acting  upon  these  more  irritable 
}iro(liicc3  as  much  sensation  as  the  stronger  stimulus  acl 
upon  the  fatigued  parts;  and  the  letters  become  indii 
guishable.  To  see  them  continuously  we  must  keep  si 
ing  the  eyes  so  that  the  parts  of  the  visual  apparai 
are  alternately  fatigued  and  rested,  and  the  general  irrifii^ 
bility  of  the  whole  is  kept  about  the  same.  So,  in 
pLirkinje*3  experiment,  if  the  position  of  the  shadovs 
remain  the  eamo,  the  shaded  part  of  the  retina  soon  htag 
comes  more  irritable  than  the  more  excited  unsha^^ 
parts,  and  its  ablative  incre^ise  of  irritability  makes  up  for 
the  less  light  fulling  on  it,  so  that  the  shadows  cease  to 
perceived.  It  is  for  this  same  reason  that  we  do  not 
the  vessels  under  ordinary  circumstances.  When  light. Iff 
.usu^I,  enters  the  eye  from   front  through  the  pupil  Um 
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Fitntlnws  nlwavs  protect  Uio  same  ])!irts  of  Ihp  rrtina.  niid 
these  jHirtH  are  ihujs  kept  suffirinitly  more  oxcitablo  than  tht- 
ruHt  to  Tnuke  up  for  ihc  lesn  light  n»uching  them  throngh 
the  vessels.  To  sec  the  latter  we  mni^t  throw  thriiji^ht  \\\U\ 
itiecyfl  in  an  unusual  direction,  not  llironj;:h  the  ]>upil  \n\l 
laterally  through  the  sclerotic.  If  r.  Fig.  139,  be  tho 
section  of  a  retinal  ve-ssel,  ordi- 
narily its  shadow  will  fall  at 
some  point  on  the  litio  prolonged 
through  it  from  the  centre  of 
the  pupit.  Ifaeiitidlo  he  held 
opposite  b  it  illuniinatcH  that 
j)art  of  the  sclerotic  and  from 
there  light  radiates  and  illumines 
the  eye.  The  sensation  we  refer 
to  light  entering  the  eye  in  tlie 
iisnal  manner  through  the  pupil, 
and  accordingly  see  the  surface 
"we  look  at  as  if  it  were  illuminated.  The  sliachvw  of  v  is 
now  cast  on  an  unusual  spot  r,  and  we  see  it  as  if  at  the  point 
^/ on  the  wall,  on  the  prolongation  of  the  lino  joniing  the 
nodal  point,  k,  of  the  eye  with  r.  If  the  candle  Ih!  moved 
BO  as  to  illnminate  the  i>oint  b*  of  the  sclerotic,  the  shadow 
of  e»  will  be  C4ist  on  r' and  will  accordingly  Fcem  on  the 
wall  to  move  from  d  to  d'.  It  is  clear  that  if  we  know  how 
far  b  is  from  h',  how  far  the  wall  is  from  the  eye,  and  how 
far  theiUKlal  point  is  from  theretina(15  mm.  orO.fi  inch), 
and  measure  the  distance  on  the  widl  from  //  to  </',  wo  can 
calculate  how  far  r  is  from  c':  and  then  how  far  the  vessel 
throwing  the  shadow  nirfst  he  in  frojit  of  the  retinal  parts 
jwrceiving  it  In  this  way  it  is  found  that  the  part  seeing 
tho  shadow,  that  is  the  layer  on  which  light  acts,  \b  just 
about  as  far  behind  the  retinal  vessels  as  the  main  vascular 
trunks  of  the  retina  are  in  front  of  the  rod  and  cone  layer. 
It  is,  therefore,  in  that  layer  that  the  light  initiates  those 
changes  which  give  rise  to  nervous  impulses;  which  is 
further  made  obvious  by  the  fact  that  tho  seat  of  most 
acute  vision  is  the  /orfrt  rrnlraiis,  where  this  layer  and  the 
oone-fibrcs  diverging  from   it  alone  arc  found  (p.  -490). 
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When  we  want  to  see  anything  ditftinotly  we  uIwhts  turn 
our  eyes  so  that  its  image  shall  fall  on  the  centre  of  the 
yellow  Bpot. 

The  Vision  Purple.  How  light  hqU  in  the  retina  so  a£  to 
produce  nerve  stimuli  is  etill  uncertain.  Recent  observa- 
tions show  that  it  produces  chemical  changes  in  tlie  rod  and 
cone  layer,  and  eeemed  at  first  to  indicate  that  its  action 
was  to  produce  substances  which  were  chemical  excitants 
of  iicrvc-libres;  but  although  there  can  be  little  doubt  that 
these  chomitjtl  changes  jilay  8ome  important  part  in  vision. 
what  tliL'ir  r6k'  may  be  is  at  present  quite  obscure.  If  a 
perfectly  fresh  retina  be  excised  rapidly,  its  outer  layers 
will  be  found  of  a  rich  purple  color.  In  daylight  this 
rapidly  bleaches,  but  in  the  dark  persists  even  when  putre- 
faction has  set  in.  In  pure  yellow  light  it  also  remains 
unbleached  a  long  time,  but  in  other  lights  disappears  at 
different  rates.  If  a  rabbit'a  eye  be  fixed  immovably  and 
exposed  so  that  an  image  of  a  window  is  focused  on  the 
same  part  of  its  retina  for  some  time,  and  then  the  eye  be 
rapidly  excistni  in  the  dark  and  placed  in  solution  of  i>ot^h 
alum,  a  colorless  image  of  the  window  is  found  on  the 
retina,  surrounded  by  the  visual  purple  of  the  rest  which 
is,  through  the  alum,  fixed  or  rendered  incapable  of  change 
by  liglit™  Photographs,  or  opfofframs,  are  thus  obtained 
which  difTcT  from  the  photographers  in  that  he  uses  light 
to  produce  chemiciU  changes  which  give  rise  to  colored 
bodies,  while  here  the  reverse  is  the  case.  If  the  eye  be 
not  rapidly  excised  and  put  in  the  alum  after  its  exposure, 
the  optogram  will  disajipear;  the  vision  purple  being  rapidly 
regenerated  at  the  bleached  part.  -This  reproduction  of  it 
is  due  mainly  to  the  cells  of  the  pigmentary  layer  of  the 
retina.  Portions  of  frogs'  retinae  raised  from  this  bleitch 
more  rapidly  than  those  k'ft  in  contact  with  it,  but  become 
soon  purple  again  if  let  fall  back  upon  the  pigmeut-culls. 
It  thus  seemed  as  if  we  had  got  a  clue  to  the  physiological 
action  of  light  in  the  eye:  but  experiments  show  that 
animals  (frogti)  exjiosed  for  along  time  to  a  bright  light 
may  have  their  retinas  completely  bleached  and  still  see 
very  well;  they  can  still  unerringly  catch  flies  that 
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with'm  (heir  reach;  and  they  can  aIi»o  dintingiuHh  coIorH,  or 
at  least  some  colorH,  aa  green.  Moreover,  the  vision  purple 
is  only  found  in  the  outer  segmentfi  of  the  rode;  there  is 
none  in  the  cones,  and  yet  these  alone  exist  in  the  yellow 
fi|>ot  of  the  human  eye,  which  ia  the  seat  of  most  acute 
vision;  and  animals,  such  as  snakes,  which  have  only  cones 
in  the  retina,  possess  no  vision  purple  and  nevertheless  sec 
very  well. 

It  may  ho  that  other  hodies  exist  in  the  retina  which  are 
also  chemically  changed  by  light,  but  the  changes  of  which 
are  not  accompanied  by  alterations  in  color  which  we  can 
seci  and  in  the  absence  of  the  vision  purple  seeing  might  be 
carried  on  by  means  of  these,  which  may  be  less  tjuickly 
destroyed  by  light  and  so  still  persist  in  the  bleached 
retinas  of  the  frogs  above  mentioned.  For  the  present, 
however,  the  question  of  the  part,  if  any,  played  in  vision 
by  such  bodies  must  be  left  an  open  one. 

The  Intenaity  of  Visual  Sensationa.  Light  considered 
as  a  form  of  energy  may  vary  in  quantity;  physiologically, 
also,  we  distinguish  quantitative  differences  in  hght  as 
degrees  of  brightness,  but  the  connection  between  the  in- 
tensity of  the  sensation  excited  and  the  quantity  of  energy 
represented  by  the  stimulating  light  is  not  a  direct  one. 
In  the  tirst  place  some  rays  excite  our  visual  apparatus 
more  powerfully  than  others;  a  given  amount  of  energy  in 
the  form  of  yellow  light,  for  example,  causes  more  jwwerful 
visual  sensations  than  the  same  quantity  of  energy  in  the 
form  of  viulet  light.  Tlie  nllru-violet  rays  only  become 
visible,  and  tiicn  very  faintly,  wh(!n  all  others  are  suppressed; 
but  if  they  be  passed  through  some  fluorescent  substance 
(see  Physics),  such  as  an  acid  solution  of  quinine  sulphate, 
which,  without  altering  the  amount  of  energy,  turns  it  into 
ethereal  oscillations  of  a  longer  period,  then  the  light  be- 
comes readibly  perceptible. 

Even  with  light-rays  of  the  same  oscillation  period  our 
sensation  is  not  proportional  to  the  amount  of  energ)'  in 
the  light;  to  the  amount  of  lieat,  for  example,  to  which  it 
would  give  rise  if  all  tran.sformcd  into  it.  If  objective 
light  increase  gradually  in  amount  our  sensation  increases 
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filso,  up  to  n  limit  hcyond  which  it  docs  not  go,  no  matter 
how  strong  the  hght  becomes;  but  the  increase  of  sertKilinn 
hikes  place  far  more  slowly  Tbai»  that  of  tlie  hght»in  iicoord- 
unce  with  ii»e  ]>3ycho-pbysical  law  mentioned  on  page  47*3. 
If  we  call  the  amount  of  light  given  out  by  :i  eingle  eandltf 
ff,  tiien  that  emitted  by  two  caudles  will  be  "Zax  and  so  on. 
If  the  amount  of  etnisiitiou  excited  by  the  flinglc  candle  be 
.1,  then  that,  due  to  two  candles  will  not  be  2.4.  and  that 
by  three  will  be  far  less  than  3^.  If  a  white  surface,  P, 
Fig.  140,  be  iUuminatcd  by  a  candle  at  r  and  another  else- 
where, and  n  ivmI,  o,  l)c  placed 
80  »3  to  intercept  the  light 
from  c,  we  see  clearly  a  shadow, 
since  our  eyes  recognize  the 
difference  in  luminosity  of 
this  part  of  the  jiaper,  i-eflect- 
ing  light  from  one  candle  only. 
from  that  of  the  rest  which  is  illuminated  by  two:  that  i« 
we  tell  tfie  nensatiun  due  to  the  Htiniulns  a  from  that  dne 
1(1  ibc  Hlinnihis  2/1.  If  now  a  bright  lamp  bR  brought  in 
and  placed  ulungfide,  and  its  light  be  physically  eqnnl  to 
that  of  10  candles,  we  ceitse  to  perceive  the  shadow  «. 
That  is  the  sensation  ai'onsed  bv  objective  light  =  12<f 
(dno  to  the  lamp  and  two  cjindles)  cannot  Iwtold  from  that 
due  to  light  =  \\a\  although  tlic  difference  of  objective 
light  is  still  \a  as  before.  Most  persons  must  have  ob- 
served ilhistratrons  of  this.  Sitting  in  a  room  with  three 
lights  not  unfreqiiently  some  object  so  intercepts  the  light 
from  two  xi»  to  cjist  on  the  wall  two  pbadows  which  partly 
overlap.  Where  the  shadows  overlap  the  wall  gets  light 
only  from  (lie  thiifl  ciMullo;  around  that,  where  each  shadow 
is  sejiurate,  it  is  illniniuared  bv  this  and  one  other  candle; 
and  the  wall  in  the  neighborhood  of  the  shadowH  bv  all 
throe.  Objectively,  therefore,  the  difference  between  the 
deep  shadow  nnd  half  shadow  is  that  l)etwccn  the  light 
ttf  one  c'.indle  and  that  of  two.  The  difference  botweon 
the  lialf  shiidi>ws  and  tlic  wall  around  is  that  Ix^twecn  the 
light  of  two  and  three  candles.  But  us  a  matter  of  sen&a* 
tion  the  difference  between  the  half  shadow  and  the  full 
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8hmli)«*  Hcoma  mnoli  f^roiiter  tlmii  tliiit  iKUWccn  the  Imlf 
Bluwldw  and  tljc  rest  of  tiie  wiilI;  in  othor  words  tlie  differ- 
ence, rt,  between  tt  and  '^.  is  a  more  cftieiont  stimulus  thau 
the  same  difference,  a,  l>etwecn  'ia  and  3r7.  When  tbo  ^ 
total  dtimiiln.'ii  increases  the  r^aino  iib:}olute  difference  is  lesa  H 
felt  or  may  bo  entirely  unperceived.  An  example  of  tbi« 
wbicb  every  one  will  recoguizo  is  afforded  by  the  invisibility 
of  the  stars  in  daytime.  fl 

Ou  the  other  hand,  as  the  total  stimuUis  increases  or  de- 
creases the  Haine  fnit^tional  difference  of  the  wliole  is  per- 
ceived witli  the  Siime  ease;  i.e.  excites  the  fiame  amount 
of  sensation.  In  rejuling  u  l>ook  by  lamplight  we  perceive  ^ 
clearly  the  difference  between  the  amount  of  light  rejected ■ 
from  the  black  letters  and  the  white  page.  If  wo  call  tlio 
total  luiupli^ht  refiocted  by  tlic  blank  parts  10//  and  that 
by  the  Ictterj  %a,  we  may  say  we  perceive  witli  a  ecrlaiu 
distinctness  a  luminous  difference  equal  to  one  tlfth  of 
the  whole.  If  we  now  lake  tiie  book  into  the  daylight  the 
total  li>;ht  redcL-tod  fn>m  both  the  letters  and  the  ini|>rintod 
part  of  the  page  increa.^cs.  but:  in  tho  same  proportion.  Say 
the  one  now  is  50a  and  the  other  10a;  althou<,'h  the 
absolute  difference  between  the  two  la  now  40rt  instead  of 
8/1  we  do  not  se*»  the  letters  any  more  plainly  than  before. 
The  smallest  difference  in  luminous  intensity  which  wo 
can  pen;eive  is  about  ^  of  the  whole,  for  all  the  range  of 
lights  we  use  in  carrying  ou  our  ordinaiT  occupations. , 
For  stroiiij  lights  the  smallest  perceptible  fraction  is  con- 
siderably greater;  tinally  we  reach  a  limit  whei*e  no  increase 
in  bnghtneas  is  felt.  For  weak  illumination  the  eensation 
is  more  nearly  proportioned  to  tho  total  differences  of  the 
objective  light.  Thus  in  a  dark  room  an  object  reHecting 
ail  the  little  light  that  reaches  it  appears  almost  twice  as 
bright  as  ono  reflecting  only  half;  which  in  a  stronger 
light  it  would  not  do.  Bright  objects  in  general  obscurity 
thus  appear  unnaturally  bright  wheii  compared  with  things 
about  chem,  and  indeed  often  look  self-himmous.  A  cat's 
eyes,  for  example,  are  said  to  ''shine  in  the  dark;*' and 
►ainters  to  produce  moonlight  effects  always  make  tho 
bright  {Mirts  of  u  picture  relatively  brighter,  when  coiu]>areJ, 
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with  things  about  them,  than  would  be  the  cjwc  if  a  fiunnv 
scene  were  to  Ikj  represented;  by  iin  excessive  nse  of  white 
pigment  thoy  produce  the  relatively  great  brightne^  of 
those  things  which  are  aeon  at  all  in  the  general  obscuritv 
of  it  moonlight  hin(lsca|>e. 

The  Duration  of  liuminous  Sensationa.  Thin  is  greater 
than  that  of  the  stimulus,  a  fact  taken  advantage  of  in 
making  fireworks:  an  ascending  rocket  produces  the  sen- 
sation of  a  trail  of  light  extending  far  behind  the  poj^itioii 
of  the  bright  part  of  the  rucket  itself  at  the  moment, 
becauflo  the  sensation  arouHcd  by  it  in  a  lower  part 
of  ita  courfio  ntill  |>crsist«.  So,  shooting  stars  appear  to 
have  luminous  tails  behind  them.  I5y  rotating  rapidiv 
before  the  eye  a  disk  with  alternate  white  and  black  eectora 
we  get  for  each  point  of  the  retina  on  which  a  part  of  \U 
image  falls,  alternating  stimulation  (due  to  the  paissage  of 
white  sector)  and  rest,  when  a  black  sector  is  passing.  If 
the  rotation  be  rapid  enough  the  sensation  aroused  is  that 
of  a  uniform  gray,  such  as  would  be  product^d  if  the  while 
and  black  were  mixed  and  spread  evenly  over  the  disk. 
In  each  revolution  the  eye  gets  as  much  light  as  if  that 
were  the  case,  and  iH  unable  to  distinguish  that  this  light  is 
made  up  of  separate  portions  reaching  it  at  intervals:  the 
stimulation  due  to  e^ich  last^  until  the  next  begins  and  so 
all  are  fused  together.  If  one  tunis  out  suddenly  the  ga« 
in  a  room  containing  no  other  light,  the  image  of  the  flame 
{persists  a  short  time  after  the  flame  itfielf  is  extinquisbed. 

The  XiOcalizing  Power  of  the  Retiaa.  As  already 
poruled  out  a  necessary  condition  of  seeing  definite  ob- 
jects, as  distinguished  from  the  power  of  recognizing  dif- 
fei-ences  of  light  and  darkness,  is  that  all  light  entering 
the  eye  from  one  point  of  an  object  sliall  be  focused  on  one 
point  of  the  retina.  This,  however,  would  not  be  of  anv 
use  had  we  not  tixe  faculty  of  distinguishing  the  stimula- 
tion of  one  part  of  the  retina  from  that  of  another  part* 
This  power  the  visual  np]mratus  possesses  in  a  very  high 
degree;  while  with  the  tfkin  we  cannot  distinguish  from  one, 
two  points  touching  it  less  than  I  nun.  {^^  inch)  apart,  with 
•jur  eyes  we  c^in  distinguish  two  points  whose  retinal  images 
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not  more  than  .004  mm.  (.00016  inch)  apart.  The 
diBtancc  between  the  retinal  images  of  two  points  is  deter- 
mined by  the  "visual  angle"  under  which  they  are  seen; 
thia  angle  is  that  included  Ijetweeu  Hnce  drawn  from  them 
to  the  nodal  point  of  the  eye.     If  a  and  b  (Fig.  141)  are 
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two  points^  the  image  of  a  will  be  formed  at  a'  on  the  pro- 
longation of  the  line  a  n  joining  a  with  the  node.  n.  Sim- 
ilarly the  image  of  b  will  be  formed  at  b.  If  a  and  h  still 
remaining  the  same  distance  apart,  be  moved  nearer  the 
eye  toe  and  rf,then  the  visual  angle  under  which  they  are  seen 
will  be  greater  and  their  retinal  images  w^ill  be  farther  apart, 
at  c  and  d  ,  \l  a  and  b  are  the  highest  and  lowest  parts 
of  an  object,  the  distance  between  their  rot  i mil  images  will 
then  depend,  clearly,  not  only  on  the  size  of  the  object,  but 
on  its  distance  from  the  eye;  to  know  the  discriminating 
jKJwer  of  the  retina  we  must  therefore  measure  the  visual 
angle  in  each  case.  In  the  fovea  centralis  two  objects  seen 
under  a  visual  angle  of  50  to  '*'0  seconds  can  be  distinguished^^ 
from  one  another:  this  gives  for  the  distance  between  thafl 
retinal  images  that  above  mentioned,  and  corresponds 
jiretly  accunvtely  to  the  diameter  of  a  cone  in  that  jmrt  of 
the  retina.  We  may  conclude,  therefore,  that  when  tw< 
imager  fall  on  tiic  same  cone  or  on  two  contiguous  com 
they  are  not  discriminated;  but  that  if  om.'  or  more  un< 
stimulated  cones  intervene  between  the  stimulated,  the 
points  may  he  perceived  as  distinct.  The  diameter  of  a 
rod  or  cone,  in  fact,  marks  the  anatomical  limit  up  to  whichH 
we  can  by  practice  raise  our  acuteness  of  visual  discrimina- 
tion; and  in  the  yellow  spot  which  we  constantly  use  all 
our  lives  in  looking  at  things  which  we  want  to  see  dis- 
tinctly, we  have  educated  the  visual  appai*atu8  up  to  about 
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its  highest  power,  Elsovhere  on  the  retina  onr  discrimP 
imting  power  is  much  le^s  aud  diminishes  as  the  distoiico 
fi'oni  the  Yellow  8poi  iucreufiofi.  This  is  parti j  dne,  no  doubts 
to  u  less  sensibility  of  those  retinal  regions,  such  as,  by  other 
fuets,  is  proved  lo  exist,  but  in  part  no  doubt  is  alfio  due  to 
i\  want  of  pniotice.  TIic  more  peripheral  the  retinal  region 
the  less  we  have  used  it  for  such  purposes.  It  is  probable, 
therefore,  that  outlyiug  portions  of  the  retina  are  capable 
of  education  to  a  higher  discrimiuating  power,  just  as  we 
shall  tiud  the  skin  to  bo  for  tactile  stimuli. 

While  we  cau  tell  the  stimulation  of  an  upper  part  of 
the  retina  from  a  lower,  or  a  right  region  from  a  left,  it 
must  be  borne  in  mind  that  we  have  no  direct  knowledge 
of  which  is  upper  or  lower  or  right  or  left  in  the  ocular 
ituage.  All  our  visual  seueatious  tell  us  is  that  they  are 
aroused  at  different  points,  aud  nothing  at  all  about  the 
actual  positions  of  these  on  the  retina.  There  is  no  other 
eye  ix-hiud  the  retina  looking  at  it  to  see  the  inversion  of 
the  imago  (p.  406)  formed  ou  it.  Suppose  1  am  looking  at 
a  pane  in  a  sffcond-story  window  of  a  distant  house:  its 
image  will  then  fall  ou  the  fovea  centralis;  the  line  joining 
this  with  the  pane  is  called  the  visiud  a-^ris.  The  image  of 
the  roof  will  be  formed  ou  a  part  of  the  retina  below  the 
fovea,  and  that  of  the  front  door  above  it.  I  distinguish 
that  the  images  of  all  these  fall  on  different  parts  of  the 
retina  in  certain  relative  positions,  and  have  learnt,  by  the 
experience  of  all  my  life,  that  when  the  image  of  aiiytbing 
arouses  the  sensatiou  due  tu  excitation  of  part  of  the 
retina  Mow  the  fovea  tlie  object  is  above  my  visual  axis, 
aud  rice  versa;  similarly  vvith  right  and  left.  Cousoquently 
I  interpret  the  stimulatiou  of  lower  retinid  regions  as  mcau- 
ing  liigh  objects,  aud  of  right  retinal  regions  as  meaning  left 
olijects,  and  never  get  confused  by  the  inverted  retinal 
inuige  about  which  directly  I  know  nothing.  A  new-born 
chiid,  oven  supposing  it  could  uso  its  muscles  perfectly, 
could  not  seize  a  reaohablo  object  which  it  siiw;  it  would 
not  yet  have  learnt  that  attaining  a  point  exciting  that  jHirt 
of  the  retina  above  the  fovea,  meant  reaching  a  jwsition  iu 
space  bclow  the  visual  axis;  but  very  soon  it  learns  that  ihiugi 
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nenr  its  brow,  that  is  up,  cxciie  certain  visinal  sonsation?,  ami 
objects  below  its  eyes  other.--,  mid  learns  lo  interpret  rotiiml 
stimuli  BO  as  to  localize  accunttely  the  direction,  with  ref- 
erence to  lU  eyes,  of  outer  objccU,  and  never  thonoeforlh 
gets  puzzled  by  retinal  iuvereion. 

Color  Viflion.  Sunlight  rellected  from  snow  gives  ns 
11  sensation  which  wo  call  white.  The  Kumo  light  sent 
through  11  prism  and  i-etteoted  from  ii  white  snrfiiee  excite* 
ill  us  no  white  sensation  hut  a  number  of  color  sensations, 
gradating  insensibly  fnun  red  to  violet,  through  orange, 
yellow,  green,  blue-green,  blue»  and  iudigo.  The  prism 
separates  from  one  another  light-raya  of  different  jienods  of 
oscillation  (p.  494)  uud  cuch  niy  excites  in  us  a  cohjred 
visual  sensation,  while  all  mixed  together,  as  in  snnlight, 
they  arouse  tin*  outiroly  different  sensation  of  white.  If 
the  light  fall  on  a  piece  of  hhick  velvet  we  get  still  another 
seni*ation,  that  <*f  Mack;  in  this  c:ise  the  light-rays  are  so 
absorbed  that  but  few  are  reflected  to  the  eye  and  the  vis- 
ual apparatus  is  left  at  rest.  Physically  black  repre- 
sents nothing:  it  is  a  mere  zero — the  absenw  of  eiliereal 
vibrations;  l>ut,  in  conscitmsuess,  it  isasdeliuito  a  sensation 
as  white,  red,  or  any  other  color.  We  du  not  feel  Slackness 
or  darkness  except  over  the  region  of  the  possible  visual 
field  of  our  eye^s.  In  a  perfei'tly  ilark  room  wc  only  feel  tlio 
darkness  in  front  of  our  eyes,  and  in  iheliirlit  there  is  no  such 
sensation  associated  with  Ike  back  of  our  heads  or  the  palms 
of  our  hands,  though  through  these  we  get  no  visual  sensa- 
tions. Itisobvious,  therefore,  that  the  sensation  of  blackness 
is  not  due  to  the  mere  absence  of  luminous  stimuli  hut  to  the 
nnexcited  state  of  the  retinas,  which  are  aloue  capable  of 
being  excited  by  such  stimuli  when  present.  This  fact  is 
a  vei7  remarkable  one,  and  is  not  paralleled  in  any  other 
sense.  Phy«icaUy.  complete  stillness  is  to  the  ear  what 
darkness  is  to  the  eye;  but  Bilence  impresses  itself  on  uh 
as  the  absence  of  sensation,  while  darkness  causes  a  definite 
feeling  of  •*  Ijlackni'Hs," 

Young's  Theory  of  Color  Vision,  Our  color  sensations 
inscnsil>ly  fade  into  one  another;  starting  with  black  we  can 
iuseusibly  pass  through  lighter  and  lighter  shades  of  gray 
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to  white:  or  bet^nning  with  groon  through  darkor  an* 
darker  shades  of  it  tu  black  or  through  lighter  and  lightvr 
to  white:  or  beginning  with  red  wo  can  by  imperceptible 
steps  ])a8s  to  orange,  from  that  to  yellow  and  so  on  tu  tlie 
end  of  the  solar  ppectrum:  and  frum  the  violet,  through 
jmrple  and  carmine,  we  may  get  back  again  to  red.  Blark 
and  white  appear  to  be  fundamental  color  Bensatious  mixed 
up  with  all  the  rest:  we  never  imagine  a  coUir  but  as  light 
or  dark,  that  is  jia  more  or  less  near  white  or  black;  and 
it  is  found  that  as  the  light  tlu'own  on  any  given  colored  sur- 
face weakens^  the  shade  becomes  deeper  until  it  pass^es  into 
black;  and  if  the  illuminntion  is  increased,  the  color 
becomes ''lighter"  until  it  passes  into  white.  Of  all  the 
colors  of  the  spectrum  yellow  most  easily  passes  into  white 
with  strong  illuminutiou.  Black  and  white,  with  thegmys 
which  are  mixtures  of  the  two,  thus  seem  to  sUuid  apart 
from  all  the  rest  as  the  fundamental  visual  ^UAations,  and 
the  others  alone  are  in  common  parlance  named  ''colors." 
It  haa  c^-on  b(*en  suggested  that  the  power  of  differentiating 
them  in  sensation  has  only  lately  been  acquired  h}'  man. 
and  a  certain  amount  of  evidence  hjis  licen  adduced  from 
passages  in  the  Tliiid  to  prove  that  the  Greeks  in  Homer's 
time  confused  together  colors  that  are  very  different  to  mout 
modern  eyes;  at  any  rate  there  seems  to  be  no  doubt  that 
the  color  sense  can  be  greatly  improved  by  practice;  women 
whoso  mode  of  dress  causes  them  to  pay  more  attention  to 
the  matter,  have,  as  a  general  rule,  a  more  acute  color  senf« 
than  men. 

Leaving  aside  black,  white^  gray,  and  the  various  browns 
(which  are  only  dark  tints  of  other  colors),  we  may  enum- 
erate our  colorsen^ationsas  red,  orange,  yellow,  green,  blue, 
violet  and  purple;  between  each  there  are,  however,  numer- 
ous tranaition  shades,  as  yellow-green,  blue-green,  etc.,  so 
that  the  number  which  shall  have  definite  names  given  to 
tliem  is  to  a  large  extent  arbitrary.  Of  the  above,  all  but 
pur})le  are  found  in  tlie  s})ectrum  given  when  sunlight  is 
separated  by  a  jirism  into  its  ray^of  different  refrangibility; 
raya  of  a  certain  wave-length  orjieriod  of  oscillation  cause  in 
usthe  feeling  rod;  others  yellow,  and  so  ou;  for  convenience 
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we  may  epoak  of  these  m  red,  yellow,  blue,  etc.,  rays;  all 
together,  in  uhout  e«jual  proportions,  they  arouso  the  sen- 
sation of  white.  A  reniurkable  fact  is  that  most  color  feel- 
ings can  be  aroused  in  several  ways.  White,  for  example^ 
not  only  by  the  above  general  mixtnre,  but  red  and  blue- 
green  rays,  or  orange  and  blue,  or  yellow  and  violet,  taken 
together  in  pairs,  cause  the  sensation  of  white:  such  colors 
are  called  compleuuntary  to  one  another.  The  mixture 
may  be  made  in  neveral  ways;  u^,  for  example,  by  causing 
the  red  and  blue-green  parts  of  the  spectrum  to  overlap,  or 
by  painting  re<l  and  blue-green  sectors  on  a  disk  and 
rotating  it  rapidly;  they  cannot  be  made,  however,  by  mix- 
ing pigmentH,  since  what  happens  in  such  cases  is  a  very 
complex  phenomenon.  Painters,  for  example,  are  accns- 
tomed  to  produce  green  by  mixing  blue  and  yellow  paints, 
and  some  may  be  inclined  to  ridicule  tlie  statement  that  yel- 
low and  blue  when  mixed  give  white.  When,  however,  wo 
mix  the  pigments  we  do  not  combine  the  sensations  of 
the  saifae  name,  which  is  the  matter  In  hand.  Blue  paint 
is  blue  because  it  absorbs  all  iho  niysof  the  sunligiit  except 
the  blue  and  some  of  the  green;  yellow  is  yellow  because  it 
absorbH  all  but  the  yellow  and  some  of  the  green,  and  when 
blue  and  yellow  are  mixed  the  blue  absorbs  all  the  distinc- 
tive part  of  the  yellow  and  the  yellow  does  the  same  for  the 
blue;  and  so  only  the  green  is  left  over  to  reflect  light  to 
the  eye,  and  the  mixture  has  that  color.  Grass-green  has 
no  complementary  color  in  the  solar  spectrum;  but  with 
purple,  which  is  made  by  mixing  red  and  blue,  it  gives 
white.  Several  other  colors  taken  three  togetlier,  give  also 
the  Hensation  of  white.  If  then  we  cull  the  light-rays 
which  arouse  in  u8  the  sensation  red,  a,  those  giving  us 
the  sensation  orange  b,  yellow  c,  and  so  on,  we  find  that  we 
get  the  sensation  whito  with  a,  b,  c,  rf,  e^  fandyaW  together; 
or  with  b  and  «,  or  with  c  and  /',  or  with  ff,  r/,  and  e;  our 
Hensation  white  has  no  determinato  relation  to  ethereal 
oscillations  of  a  given  period,  and  the  aime  is  true  for 
sereral  other  colors;  yellow  feeling,  for  example,  may  be 
excited  by  ethereal  vibnitions  of  one  given  wave-length 
(spectral  yellow),  or  by  mixing  red  and  gross-greon,  which 
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are  dne  to  othct*ca1  vibrationB  of  totally  different  var^ 
lengths;  in  other  woi*d8  a  pbyi^ical  light  in  which  there 
no  wHves  of  the  **  yellow"  length  may  cause  in  us  the  sen- 
Ration  yellow,  which  is  only  one  more  instance  of  the  gen- 
eral fuct  that  our  sensations,  as  such,  give  ns  no  direct 
information  as  to  the  nature  of  external  forces;  they  ai6 
but  signs  which  wc  have  to  inter|)ret.  The  nio<3eru  view  of 
specitic  nerve  energies  (\\,  191)  makes  it  highly  improbublo 
that  our  different  color  sensations  can  all  be  due  to  different 
mmles  of  excitation  of  exactly  the  same  nen-e-fibre*;  a  tibre 
which  when  excited  alone  gives  ns  the  sensation  rtnl  will 
always  give  us  that  feeling  when  so  excited.  The  simpleii] 
method  of  explaining  our  color  sensations  wonld  therefofB 
Ixj  to  atifiume  that  fur  each  there  exists  in  the  retina  a  set 
of  ncrvp-JibrcH  with  appropriate  terminal  organs,  each  ex- 
citable by  its  own  proper  i^timulurf.  But  we  can  dislingnish 
80  inuumomblo  and  so  finely  graded  colors,  that,  on  such  a 
supposition,  there  mast  be  an  almost  infinite  number  of 
different  end  organs  in  the  retina,  and  it  is  more  reit^Kinable 
to  suppose  that  there  are  a  limited  numbcrof  primary  color 
sensations,  and  Uiat  the  rest  are  due  to  combinations  of  these; 
That  a  compound  color  sensation  may  tie  very  different 
from  its  com|>oiicnts  when  these  are  regarded  apart*  \t 
clearly  shown  by  the  sensation  white  aroused  either  by 
what  we  may  call  red  and  blue-green,  or  green  and  purple. 
stimuli  acting  together;  or  of  yellow  due  to  grass-green  and 
red.  To  account  for  our  various  color  sensations  we  mav, 
therefore,  assume  a  much  smaller  number  of  primary  een- 
SiUions  than  the  total  number  of  color  sensations  we  expe- 
rience; all  can  in  fact  be  explained  by  assuming  any  three 
priiimi*y  color  sensations  which  together  give  white,  and 
rcgimling  all  the  rest  as  due  to  mixtures  of  these  in  vanoua 
jji'oportions;  there  may  be  more  than  three,  bnt  three  will 
account  for  all  the  phenomena,  bhick  bemg  a  sensation 
experienced  wlien  all  visual  stimuli  are  absent.  This  is 
known  as  Youjufa  fhrort/  of  color  rt,sio/i,  and  is  that  at 
present  most  c<immonly  accepted.  The  selection  of  the 
three  primary  sensations  is  somewhat  arbitrary,  but  they 
arc    usually  rogiu'ded  aa  red,  green,  and  violet.      It   i^ 
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Lined  that  all  kiuda  of  Hglit  stiinulaiing  the  oiid  ap|iti- 
TJHtusc^s  give  rise  to  all  three  sonsutiaus,  but  not  ueeesfiai'ily 
in  the  same  proportion.  When  all  are  equally  aroused  the 
^n«ition  id  white;  vheii  the  ru*!  and  green  are  tolerably 
p»owerfully  excited  and  the  violet  little,  the  sensation  is 
yellow;  when  the  green  powerfully  and  the  red  and  violet 
little,  the  gensation  18  green,  and  so  on.  In  this  way  we 
can  also  explain  the  faet  that  all  colored  surfaces  when 
intensely  illuminated  paH8  into  white.  A  red  light,  for 
example,  excites  the  primary  red  senrfatiuii  must,  but  green 
and  violet  a  little;  as  the  light  becomes  stronger  a  limit  ia 
reached  beyond  which  the  red  sensation  eaunot  go,  but  the 
green  and  violet  go  on  increasing  with  the  intensity  of  the 
light,  until  they  too  reiich  tlieir  limits;  atid  all  three  pri- 
mary sensations  being  then  ei|uuily  aroused,  the  sensation 
white  is  produced. 

Color  Blindnoss.  Some  jTcrsons  fml  to  distinguish  colors 
which  are  to  uthcrs  (juitc  different;  when  such  a  de- 
ficiency is  well  marked  it  is  known  as  ** color  blindness," 
and,  assuming  Young's  theory  to  be  correct,  it  may  be  ex- 
plained by  an  absence  of  one  or  more  of  the  three  primary 
color  sensations;  observation  of  color-blind  persons  thus 
helps  in  deciding  which  these  are.  The  most  common 
form  is  red  color  blindness ;  i)erfion8  afflicted  with  it  con- 
fuse reds  and  greens.  Red  to  the  normal  eye  is  red  because 
it  excites  red  sensation  niueh,  green  souie,  and  violet 
less;  and  a  white  page  while,  because  it  excites  red,  green, 
and  violet  sensations  about  etjiiully.  In  a  person  without 
red  sensation  a  red  object  would  arouse  only  some  green 
and  violet  sensation  and  so  wnnld  be  indiiitinguishable  from 
a  bluish  green;  in  prat^tice  it  ia  found  that  many  persons 
confound  these  coloi-s.  Cases  of  green  and  violet  color 
blindness  are  also  met  with,  but  they  are  much  rarer  than 
the  red  color  blindness  or  *' Daltonism/* 

The  detection  of  colorblindness  is  often  a  matter  of  con- 
siderable importance,  especially  in  sailors  and  riiilroad 
officials,  since  tho  two  colors  most  commonly  confounded, 
red  and  green,  are  those  used  in  maritimo  and  niilro-ul 
signals.     Persons  attach  such  different  names  to  colors  that 


a  decision  as  to  color  bliudncsfi  cannot  be  safely  arn'vea  at 
by  simply  ehowing  a  color  and  asking  lis  niimo.  The  liest 
plan  is  to  take  a  lieap  of  worsted  of  all  tint^,  select  one. 
Bay  a  red,  and  tell  the  man  to  pnt  alongside  it  all  those  of 
the  same  color,  whether  of  a  lighter  or  a  darker  shade;  if 
red  blind  he  will  select  not  only  the  reds  but  the  greens, 
especially  tho  paler  tints.  About  one  man  in  ei^ht  is  red 
blind.     The  defect  is  much  rarer  in  women. 

yatigue  of  the  Betlna.  The  nervous  visual  appaiatus 
is  easily  fatigued.  Usually  we  do  not  observe  this  be- 
cause its  restoration  in  also  rapid,  and  in  ordinary  life  our 
eyes,  when  open,  are  never  at  rest;  we  move  them  to  and 
fro,  so  thut  parts  of  tlio  retina  receive  light  alternatetv 
from  brighter  and  darker  objects  and  aiv  alteniatelv excited 
and  rested.  How  constant  and  habitual  the  movement  of 
the  eyes  is  can  be  readily  observed  by  trying  to  fix  for  a 
short  time  a  small  spot  without  deviating  the  glance;  to 
do  so  for  even  a  few  seconds  is  impossible  without  practice. 
If  any  small  object  is  steadily  ** fixed"  for  twenty  or 
thirty  seconds  it  will  be  found  that  the  whole  field  of 
vision  becomes  grayish  aud  obscure,  because  the  parts  of 
the  retina  receiving  most  light  get  fatigued,  and  arouse 
no  more  sensation  than  those  less  fatigued  and  stimulated 
by  light  from  less  illuminated  objects.  Or  look  steadilvat 
a  black  object,  say  a  Wot  on  a  white  page,  for  twenty 
seconds,  and  then  turn  the  eye  on  a  white  wall;  the  latter 
will  seem  dark  gray,  with  a  white  jtatch  on  it;  au  effect 
due  to  the  greater  excitability  of  the  retinal  parts  previoufilj 
rested  by  the  black,  when  comjiared  with  tho  sensation 
aroused  elsewhere  by  light  from  tlie  white  wall  acting  on 
the  previously  sLiniulated  parts  of  the  visual  surface. 
All  piTsons  will  rccull  many  instances  of  such  phenomena, 
which  are  especially  noticeable  soon  after  rising  in  the 
morning.  Similar  things  maybe  notified  with  colors;  after 
looking  at  a  red  ]iiitrh  the  eye  turned  on  a  white  wall  sees 
a  blue-green  patch  ;  the  elements  causing  red  sensations 
having  been  fatigued,  the  white  mixed  light  from  the  wall 
now  excites  on  that  region  of  the  relina  only  the  other 
primary  color  sensations.     The  blending  of  colors  so  as  to 
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secure  their  greatest  effect  depends  on  this  fact;  red  und 
grecu  go  well  together  because  euch  rests  the  parts  of  the 
visual  apimratus  most  excited  by  the  other,  and  so  eacli 
api>cars  bright  and  vivid  as  the  eye  wanders  to  and  fro; 
while  rod  and  orange  together,  each  exciting  and  exhaust- 
ing mainly  the  same  visual  elements,  render  dull^  or  in 
popular  phrase  **kill,"  one  another. 

Contrasts.  If  a  well-defined  black  surface  be  looked  at  on 
a  larger  white  one  the  parts  of  the  latter  close  to  the  black 
look  whiter  than  the  rest,  and  the  parts  of  the  black  near 
the  white  blacker  than  the  rest;  so,  also,  if  a  green  patch  be 
looked  at  on  a  red  surface  each  color  is  heightened  near 
where  they  meet.  This  phenomenon  is  largely  due  to  fatigue 
and  deficient  fixation:  a  region  of  the  eye  rested  by  the 
black  or  the  green  is  brought  by  a  movement  of  the  organ 
so  as  to  receive  light  from  the  white  or  red  surface;  phe- 
nomena due  to  this  cause  are  known  as  those  of  successive 
contrast.  Even  in  the  case  of  perfect  fixation,  however, 
something  of  the  same  kind  is  seen;  black  looks  blacker 
near  white,  and  green  gi^eeuer  near  red  when  the  eye  has  not 
moved  in  the  least  from  one  to  the  other*  A  small  piece  of 
light  gray  paper  put  on  a  sheet  of  red,  which  latter  is 
then  covered  accurately  with  a  sheet  of  semi-transparent 
tissue-piipcr,  assumes  tlie  complementary  color  of  the  red, 
%.c.  looks  bluinli  green;  and  gray  on  a  green  sheet  under 
similar  c  ire  inns  tan  ces  looks  pink.  Such  phenomena  are 
known  as  those  of  simultaneous  rontrast,  and  arc  explained 
un  psychological  grounds  by  those  who  accept  Young's 
theory  of  color  vision.  Just  as  a  medium-sized  man  looks 
short  beside  a  tall  one,  so,  it  is  said,  a  black  surface  looks 
blacker  near  a  white  one,  or  a  gray  (slightly  luminous 
white)  surface,  which  feebly  excites  red,  green,  and  violet 
sensations,  looks  deficient  in  red  (and  so  bluish  green) 
near  a  deeper  red  surface.  There  are,  liowever,  certain 
phenomena  of  simultaneous  contrast  which  cannot  be  satis- 
factorily BO  explained,  and  these  have  led  to  other  theories 
of  color  vision,  the  must  important  of  which  is  that  de- 
scribed in  the  next  punigraph. 

Hering'B  Theory  of  Vision,     Contrasts  can  be  seen  with 
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tJio  eyefi  dow'd  and  covored.  If  wc  look  a  shorr  time  at  s 
bright  oUject  and  tiicu  rapidly  fxchidc  light  from  the  eve. 
we  see  for  a  moment  a  positive  after-image  oi  the  object, 
tf.//.  u  window  with  its  frame  aud  jjaiics  after  u  gluut'c  ut  ii 
and  tlieii  olusiug  the  eyes.  In  these  positive  aftvr-imagi** 
the  bright  and  dark  jKirta  of  the  object  which  wa«]ookMi  at 
retain  their  original  rolutiont:hip;  they  de}»end  on  the  persist- 
ence of  retinal  excitement  after  the  cessjitioii  of  the  stimulus 
and  usually  soon  disappoar.  If  an  object  be  looked  at 
steadily  for  some  time,  say  twenty  ^ecoods^  and  the  eyee  be 
then  closed  a  negative  after-irrmge  is  seen.  In  this  the  light* 
and  shades  of  the  object  looked  atare  reverb.  Frc(|nenth 
a  positive  after-image  becomes  negative  before  disappearing. 
The  negative  images  are  explained  commonly  by  fatigue; 
when  the  eye  is  close<l  some  light  still  outers  through  the 
lids  and  excites  less  those  jmrts  of  the  i-etina  previously 
exhausted  by  prolonged  looking  at  the  brighter  parts  of  the 
field  of  \i6ion;  or,  when  all  light  is  rigorously  excluded.,  the 
])roper  stimulation  of  the  visual  apparatus  itself,  causing 
the  idio-rt'tinnl  light,  affects  less  the  exhausted  iK>rtion3,  and 
BO  a  negative  image  is  pro<luced.  If  we  Mx  steadily  for 
thirty  aeconds  a  poiut  betAveen  two  wliite  sfpiares  about  4 
mm.  (J  inch)  aj)art  on  a  large  black  sheet,  and  then  close 
and  cover  our  eyes, we  get  a  negative  after-image  in  which  are 
seen  two  dark  ciipiare;-;  on  a  brighter  surface;  this  surface  t£ 
brigl)ter  close  aruuud  the  negative  after-image  uf  each  square 
and  brightest  of  all  between  them.  This  luminous  bound- 
ary is  called  Hte  rorunuy  \x\\i\  is  exf>1ained  usually  as  an  effect 
of  eimullancous  contrast;  the  dark  after-imago  of  the  f^junrv 
it  is  said  makes  us  mentally  err  in  judgment  and  tliink  the 
clear  surface  close  to  it  briglitcr  thjin  elsewhere;  and  it  is 
briglitest  between  the  two  dark  squares,  ju&t  as  a  middle- 
sized  man  between  two  tall  ones  looks  shorter  than  if  aloug- 
side  one  only.  If.  however,  the  after-image  l>c  watched  il 
will  often  Ikj  noticed  not  only  that  the  light  bmid  beiwccn 
the  squares  is  intensely  white,  much  moresolhan  the  normal 
idio-retinal  light,  but.  its  Ihc  tniage  fades  awuys,  often  the 
two  dark  afrer-inmi;es  of  the  Hqimresdisap]jear entirely  with 
all  of  the  corona,  cxccitt  that  jiart  between  them  wliich  is 
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5till  seen  as  a  bright  baud  on  a  uniform  grayish  field. 
Here  there  is  no  contrast  to  produce  the  error  of  judgment, 
and  fn»m  this  and  other  experiments  Hering  concludes  that 
light  acting  on  one  part  of  llie  retina  produces  inverse 
changes  in  all  the  rest,  and  tliat  this  hafi  an  im[)ortant  part 
in  producing  the  phenomena  of  contrasts.  Similar  pheno- 
mena may  I>e  observed  with  colored  objects:  in  their  nega- 
tive after-images  e^ich  tint  is  represented  by  its  complemen- 
tary, as  black  is  l>y  white  in  colorless  vision. 

Endeavoring  to  exclude  such  loose  general  explanationa 
as  '*  errors  of  judgnienl ,"  Hering  proposes  a  theory  of  vision 
which  can  only  he  briotty  sketched  here.  Wo  may  put  all 
oar  colorless  eensations  in  a  contmuous  series,  passing 
through  grays  from  the  deepest  black  to  the  brightest 
white;  somewhere  half-way  between  will  bo  a  fieutrai 
gray  which  ir<  as  black  as  it  is  white.  We  may  do  some- 
thing similar  with  our  color  sensations;  as  in  gray  we  see 
black  and  white  so  in  purple  we  see  rod  and  blue,  and  all 
colors  containing  rod  and  bhjc  may  be  imt  in  a  series  of 
which  one  end  is  pure  red,  the  otlier  pure  blue.  So  with  red 
and  yellow,  bliic  and  groou,  yellow  and  green.  If  we  call  to 
mind  the  whole  solar  spectrum  from  yellow  to  blue,  through 
the  yellow-greens,  green,  and  blue-greens,  we  get  a  series  in 
which  all  but  the  terminals  Iiavo  this  in  common  that  they 
contiiin  some  green.  Green  itself  forms,  however,  a  special 
point;  it  differs  from  all  tints  on  one  side  of  it  in  coutain- 
mg  no  yellow,  and  from  all  on  the  other  in  containing  no 
blue.  In  ordinary  langmigc  tiiis  is  recognized:  we  give 
it  a  definite  name  of  its  own  and  call  it  yrfen.  Its  sim- 
plicity compm'cd  with  the  doublciicss  of  its  immediate 
neighbors  entitles  it  to  a  distinct  place  in  the  color-sensa- 
imn  scries.  There  are  three  other  color  sensations  which 
like  green  are  simple  and  must  have  specific  names  of  their 
own;  they  are  rod,  blue,  and  yellow.  Green  may  be  pure 
green  or  yellow  green  or  blue  green,  but  never  yellow 
and  bluish  at  once,  or  reddish.  Red  may  be  pure  or 
yellowish  or  bluish,  but  never  greenish.  Red  and  green 
arc  thus  mutually  exclusive;  yellow  and  blue  stand  in  a 
dlQilar  relationship.     AH  other  color  sonsatjons,  r.'^  orange 
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sitgjcst  hvo  of  tlio  above,  niid  maybe  described  as  mixti 
of  thorn;  but  they  themficlves  stand  out  as  fundamental  colbr 
Bensations.  Moreover,  it  follows  from  the  above,  that  more 
than  two  simple  colored  seusationa  are  never  combined  in 
a  compound  color  eeneation. 

Since  red  always  excludes  green,  and  yellow  blue,  we  may 
call  tlicm  unti-i'olorH  (tlie  complementary  colors  of  Young'"* 
theory),  and  are  led  toBusj>ect  that  in  the  visual  organ  there 
must  occur,  in  the  production  of  each,  processes  which 
prevent  the  simultaneous  production  of  the  other,  since 
there  is  no  a  priori  reason  in  the  nature  of  things  why 
we  slionld  not  see  red  and  green  Bimnltaneonsly,  as  well  as 
red  and  yellow.  Along  with  our  color  sensations  there  is 
always  some  colorless  from  the  black-white  series;  which 
we  recognize  in  speaking  of  lighter  and  darker  shades  of 
the  same  color. 

Hcring  a-ssumes,  then,  in  the  retina  or  some  part  of  the 
nervous  visual  appanitus,  three  aubstances  answering  to  the 
black-white,  red-grccn,  and  yellow-hluo  sensational  serie-s, 
the  construction  of  each  suhstjince  being  attended  with 
one  sensation  of  it«  pair,  and  its  destniction  with  the  other. 
Thus,  when  construction  of  the  black-white  substaxice  ex- 
ceeds destruction,  we  get  a  blackish-gray  sensation;  when 
the  processes  arc  equal  the  neutrul  gray;  when  destruction 
exceeds  eonetructiou  u  light-gray,  and  so  on.  In  the 
other  color  series  similar  things  would  occur;  when  con- 
struction of  red-green  substance  exceeded  destruction 
in  any  point  of  the  retina  we  would  get,  say,  a  red  feeling; 
if  so,  then  excess  of  destruction  would  give  green  sen»i- 
tion.  The  intensity  of  any  given  simple  sensation  would 
depend  on  the  ratio  of  the  difference  between  the  construc- 
tion and  destruction  of  the  corresponding  substance,  to  the 
fium  of  nil  t\\Q  constructions  and  destructions  of  visual  sub- 
stances goin^;  on  m  that  part  of  the  visual  apparatus.  A 
little  thought  will  show  that  this  can  hardly  be  reconciled 
with  the  results  expressed  in  Fcchncr's  law.  The  intensity  of 
a  mixed  color  sensation  would  be  the  snm  of  the  intensitie5 
of  its  factors,  and  its  tint  and  shade  dependent  on  the  rela- 
tive proportion  of  these  factors.    When  the  constructiou 
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and  destniction  of  the  red-green  substance  are  equal  no 
color  sensation  is  aroused  by  it;  and  we  got  gray,  due  to 
those  simultuneonsly  occurring  changes  iu  the  bluck-white 
substance  wliieh  are  always  present,  but  were  }>reviously 
more  or  less  cloaked  by  the  results  of  the  cliuiiges  in 
the  red-green  substiuice.  Red  and  green  iu  certain  i>ro- 
portions  cause  then  a  white  or  gray  sensation,  not  because 
they  supplement  one  another,  as  on  Young's  theory,  but 
because  they  mutually  cancel;  and  so  for  other  comple- 
mentary colors. 

Moreover,  according  to  Hering,  destruction  of  a  risaal 
substance  going  on  in  one  region  of  the  retina  promotes 
construction  and  accumulation  of  that  substance  elsewhere, 
but  especially  in  the  neighborhood  of  the  excited  spot. 
Henoe,  when  a  white  square  on  a  black  grouud  is  looked 
at,  destruction  of  the  black-white  substance  overbalances 
construction  in  tlie  place  on  which  the  imago  of  Ihc  M|uare 
fulls,  but  arouiiil  this  oonstmction  occurs  in  a  high  degree. 
When  the  eyes  are  shut,  this  latter  retinal  region,  with  its 
great  accumulation  of  docomix»sable  material,  is  highly 
irritable  and.  under  the  internal  stimuli  causing  the  idio- 
retinal  liglit,  breaks  down  comparatively  fast,  causing  the 
corona,  which  may  bo  intensely  luminous;  for  with  the 
closed  eye  the  total  constructive  and  destructive  prooesseB 
in  the  vi.-^ual  appamtus  are  small,  and  so  the  excess  of  de- 
struction in  tlio  coronal  region  bears  a  large  nitio  to  the 
sum  of  the  wlmle  processes.  The  student  must  apply  this 
theory  for  himself  to  the  other  phenomena  of  contracts  and 
negative  images,  as  also  to  the  gi*advuil  disappearance  of 
differences  between  light  and  dark  objects  wlien  looked  at 
for  a  time  with  steady  fixation;  the  general  key  being  the 
principle  that  anything  loading  to  the  accumulation  of  a 
visual  substance  increases  its  decompositions  under  stimu- 
lation, and  vim  versa.  The  main  value  of  Hering's  theory 
is  that  it  attempts  to  account  physiologically  for  phcnomeiia 
previously  indcOnitcly  explained  psychologically  by  such 
terms  as  ''errors  of  judgment,"  which  really  leave  the 
■whole  matter  where  it  was,  since  if  (us  wc  must  believe) 
mind  is  a  function  of  brainj  the  crrora  of  judgment  have 
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still  to  bo  arcouated  for  un  ])by&iological  grounds,  aa  due 
to  eomlitious  of  the  nervous  system. 

Visual  Perceptions.  The  seDsalions  wliifh  light  excite« 
iu  us  we  interpret  x\s  indications  of  the  exisiont'e,  form,  and 
po&itiou  of  external  objects.  The  conceptions  which  we 
arrive  at  iu  thia  way  uro  known  as  vitsval  perception. 
The  full  treatment  of  j>erct*ptiou8  belongs  to  the  domain  of 
Psycliology.  but  Physiology  is  concerned  with  the  condi- 
tious  under  which  they  arc  produced. 

The  Visual  Perception  of  Distance.  With  one  eye  our 
perception  of  dititance  is  very  imporfect,  a^i  illustrated  bv 
the  common  trick  of  holding  a  ring  susi>ended  by  a  string 
a  short  way  in  front  of  a  pernou's  face,  and  telling  him 
to  shut  one  eye  and  pass  a  rod  through  the  ring.  If  a  peu> 
holder  be  held  erect  before  one  eye.  while  the  other  \f> 
closed,  and  an  attempt  bo  made  to  toudi  it  with  a  fiugcr 
moved  across  towards  it,  an  error  will  nearly  always 
be  made.  (If  the  linger  be  moved  iiiraight  out  towards  the 
pen  it  will  Im?  touched  because  M*iih  one  eye  wecanei^timate 
direction  accurately  and  have  only  to  go  on  moving  the 
finger  iu  the  proper  direction  till  it  meets  the  object.)  In 
such  cases  we  get  the  only  clue  from  the  amonut  of 
effort  needed  to  ^'accommodate''  the  eye  to  see  the  object 
distinctly.  When  we  u?ie  both  eyes  our  i>erceptiou  of  dis- 
tance is  much  better;  when  we  look  at  au  object  with  two 
eyes  the  visual  axes  are  converged  on  it,  and  the  nearer 
the  object  llio  greater  the  convei'gence.  We  have  a  pretty 
accurate  knowledge  of  the  degree  of  muscular  effort  re*^uired 
to  converge  the  eyes  on  all  tolerably  near  points?.  "When 
objects  are  farther  off,  their  ajiparent  size,  nud  the  modifi- 
cations their  I'eiinal  images  experience  by  aerial  perspective, 
come  in  to  help.  The  relative  distance  of  objects  is  easiest 
determined  by  moving  the  eyes;  all  stationaiy  objects  then 
apj)ear  displaced  in  the  opposite  direction  (as  for  example 
when  wc  look  out  of  the  window  of  a  railway  car)  and  those 
nearest  most  i-ajudly;  froui  the  different  ajijiarcnt  rates  of 
movemeut  wc  can  tell  wliicli  arc  faithcr  mid  nearer.  Wc 
80  inseparably  and  unconsciously  bind  up  perceptions  of  di*- 
.tance  with  the  pen.^ations  aroused  by  objects  looked  at,  that 
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wc  seem  to  £ee  distance;  it  seems  at  first  tbougbl  as  deGiiite 
a  housatiou  as  culur.  That  it  is  not  is  shown  bv  caeefl 
of  ]>orson3  bom  bhnd.  who  liave  had  fight  rcsiorpd  later  in 
life  by  surgical  ojM?rations.  Such  jicrsons  liave  at  first  no 
rigual  perceptions  of  distance:  all  objects  seem  spread  oat 
on  a  flat  surface  in  coutjict  with  the  eyes,  and  they  only 
learn  gradually  to  interpret  liicir  seusations  so  as  to  form 
jndgments  about  distances,  as  the  rest  of  us  did  uucon- 
sciou-fly  in  childhood  before  we  thought  about  such  thingj. 

The  Visual  Perception  of  Size.  Thedimenaiooaof  the 
retinal  image  determine  primarily  the  sensations  on  which 
conclusions  as  to  its  size  are  based;  the  larger  the  visual 
angle  the  larger  the  retinal  imago:  since  the  visual  angle 
depends  on  the  distance  of  an  object  the  correct  ]>erception 
of  size  depends  largely  nponacorrect  perception  of  distance; 
liaving  fornieil  a  judgment,  conscious  or  nnconscious,  as  to 
that,  we  conclude  as  to  size  from  the  extent  of  the  retinal 
region  affected.  Most  people  have  been  8urj>rised  now  and 
then  to  find  that  what  ai>pearcd  alarge  bird  in  the  clouds  was 
only  a  small  insect  close  to  the  eye;  the  liu'ge  apparent  size 
being  due  to  the  pre\ious  incorrect  judgment  as  to  the  dis- 
tance of  the  object.  The  presence  of  an  object  of  tolerably 
well-known  height,  ns  a  man.  also  assists  in  forming  con- 
ceptions (by  comparison)as  to  size;  artists  for  this  purpose 
frequently  introduce  human  figures  to  assist  in  giving  un 
idea  of  the  size  of  other  object*  represented. 

The  Visual  Perception  of  a  Third  Dimension  of  Space. 
This  it!  very  imiK^rfect.  with  one  i^xQ;  still  we  can  thus  arrive 
at  conclusions  from  the  distribution  of  light  and  shade  on 
an  object,  and  from  that  amount  of  knowledge  as  to  the 
relative  distance  of  different  points  which  is  attainable 
monocnlarly;  the  different  visual  angles  under  which 
objects  are  seen  also  assi.^  us  in  c«mcluding  that  objects 
are  farther  and  nearer;  and  so  are  not  spread  out  on  a  plane 
before  the  eye,  bnt  occupy  depth  also.  Painters  depend 
mainly  on  devices  of  these  kinds  for  representing  solid 
bodies,  and  objects  spread  over  the  visual  field  in  the  third 
dimension  of  ep.ice. 

Single  Vision  with  Two  Eyes,     When   we    look  at  .a 
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flat  object  with  b«>th  cjea  wo  get  a  similar  retinal  image  in 
each.  Under  ordinary  clrcunLstanccs  we  see,  liowever,  not 
two  objects  but  one.  In  the  linbitual  use  of  the  eves  we 
move  them  so  that  the  images  of  the  object  looked  ut  full 
on  the  two  yellow  spot^.  A  point  to  the  left  of  this  object 
forms  \i&  image  on  the  inner  (right)  side  of  the  left  ere 
and  the  outer  (right)  side  of  the  right.  An  object  verti- 
cally above  that  looked  at  would  form  an  iraago  j^traight 
below  the  yellow  spot  of  each  eye;  an  object  to  the  left 
and  above,  iia  image  to  the  inner  aide  and  below  in  the  left 
eyo  and  to  the  outer  side  and  below  in  tho  right  eve;  and 
so  on.  "We  have  learnt  that  similar  simultaneous  excita- 
tions of  these  corresponding  point  ts  meanbingle  objects,  and 
60  interpret  our  sensations.  This  at  least  is  the  theory  of 
the  experiential  or  einpiricai  school  of  pfiychologistd,  though 
others  believe  we  have  a  sort  of  intuition  on  the  subject. 
When  the  eyes  do  not  work  together,  as  in  the  musculai 
incoordination  of  one  stage  of  intoxication,  then  thej  are 
not  turned  so  that  images  of  tho  same  objects  fall  on  cor- 
responding retinal  points,  and  the  person  sees  double. 
When  a  squint  comes  on,  as  from  jiuralysis  of  the  external 
rectus  of  one  eye,  the  sufferer  at  first  sees  double  for  the 
same  reason. 

If  a  given  object  is  looked  at  lines  drawn  from  it  through 
the  nodid  p<:»ints  reach  the  fovea  centralis  in  each  eve. 
Lines  so  drawn  at  the  same  time  from  a  more  disUut  object 
diverge  loss  and  meet  each  retina  on  tlie  inner  side  of  its 
fovea;  but  as  above  pointed  out  the  corresponding  points 
for  each  retinal  region  on  the  inside  of  the  left  eyo,  are  on 
the  outside  of  the  right,  and  vice  versa.  Hence  the  more 
distant  object  is  seen  double.  So,  also,  is  a  nearer  object,  be- 
fianse  tho  more  diverging  lines  drawn  from  it  through  the 
nodal  poiuts  lie  outside  of  the  fovea  in  each  eye.  Most 
people  go  through  life  unobservant  of  this  fact;  we  onlv 
pay  attention  to  what  wo  are  looking  at,  and  nearly  alwap 
this  makes  its  images  on  the  two  fovea.  That  the  fact  is 
as  above  stated  may,  however,  be  readily  observed.  Hold 
one  finger  a  short  way  from  the  face  and  the  other  a  little 
farther  off;  looking  at  ofie,  observe  the  other  without  moving 
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the  eyes;  it  will  be  scon  double.  For  anvgiTcn  position  of 
the  eyes  there  is  a  surface  in  space,  all  object?!  on  which 
produce  images  on  corresponding  points  of  the  two  retinae: 
this  surface  is  called  the  horopter  for  that  position  of  the 
eyes:  all  objects  in  it  are  seen  single;  all  others  in  the  visual 
field,  double. 

The  Perception  of  Solidity.  When  a  solid  object  is 
looked  at  the  two  retinal  iuiagos  arc  di£ferent.  If  a  trun- 
cated pyramid  be  held  in  front  of  one  eye  its  image  will  be 
that  represented  at  /*,  Fig.  142.  If,  howcverj  it  be  held 
midway  between  the  eyes,  and  looked  at  with  both,  then 
the  left-eye  image  will  be  that  in  the  middle  of  the 
figure,  and  the  right-eye  imago  that  to  the  right.  The 
small  surface,  bdca,  in  one  answers  to  the  large  surface, 
h  {T  c  n\  in  the  other.     This  may  be  readily  observed  by 


Fig.  xah 
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holding  a  sniiill  cube  in  front  of  the  face  and  alieriiately 
looking  at  it  with  each  eye.  In  guch  cases,  then,  the 
retinal  images  do  not  correspond,  and  yet  we  combine  them 
so  as  to  see  one  solid  object.  This  is  known  as  i>iereo8copic 
vision,  and  the  illusion  nf  the  common  stereoscope  depends 
on  it.  Two  photo>;ni[ihs  are  taken  of  the  same  object 
from  two  different  points  of  view,  one  as  it  appears  when 
seen  by  the  left,  and  the  other  when  looked  at  with  the 
right  eye.  These  are  then  mounted  for  the  stereoscope  so 
that  each  is  seen  by  its  proper  eye,  and  the  scene  or  object 
is  seen  in  distinct  relief,  as  if,  instead  of  fiat  pictures, 
solid  objects  were  looked  at.  Of  course  in  many  stereo- 
scopic views  the  distribution  of  light  and  shade,  etc.,  assist, 
bat  these  are  quite  unessential,  as  may  be  readily  observed 
by  culai'guig  the  middle  aud  right  outline  drawings  of  Fig. 
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142  to  the  ordinary  size  of  a  stereoscopic  slide,  and  placing 
them  in  the  instrameut.  A  solid  pyramid  standing  oat 
into  space  will  be  distinctly  perceived;  if  the  pictures  be 
rcrersed  the  pyramid  appears  hollow.  The  pictures  must 
not  be  too  different,  or  their  combination  to  give  the  idea 
of  a  single  solid  body  will  not  take  place.  Many  persons, 
indeed,  fail  entirely  to  get  the  illosion  with  ordinary  stereo- 
scopic slides.  The  phenomena  of  stereoscopic  vision  mili- 
tate strongly  against  the  view  that  there  are  any  pre- 
arranged corresponding  points  in  the  two  retinas. 

The  Perception  of  Shine.  When  we  look  at  a  rippled 
lake  in  the  moonlight,,  we  get  the  perception  of  a  ''shiny'' 
or  brilliant  surface.  The  moonlight  is  reflected  fit>m  the 
waves  to  the  eyes  in  a  number  of  bright  points:  these  are 
not  exactly  the  same  for  both  eyes,  since  the  lines  of  light- 
reflection  from  the  surface  of  the  water  to  each  are 
different.  The  perception  of  brilliancy  seems  largely  to 
depend  on  this  slight  non-agreement  of  the  light  and  dark 
points  on  the  two  retinas.  A  rapid  change  of  luminous 
points,  to  and  fro  between  neighboring  points  on  one 
retina^  seems  also  to  produce  it. 


CHAPTER  XXXIV. 

THE    EAR    AND     HEARING 


The  External  Ear.  TIic  uuditorv  organ  in  man  con- 
sists of  three  portious,  known  respectively  m  the  exler/wl 
rary  the  middle  ear  or  iytupanum,  und  the  internal  ear  or 
labyrinth;  of  these  the  latter  is  tiic  easential  one.  cont^ir- 
ing  the  end  organs  of  the  auditory  nerve.  The  external 
ear  consists  of  the  expansion  seen  on  the  exterior  of  the 
head,  called  the  concha,  and  a  passage  leading  in  from  it, 
the  external  auditory  meattis  (D  to  6%  Fig.  \^).    This  pas- 


Fio.  1 13.  —The  rlffbt  ear  (exclndlojc  the  concha)  seen  from  tho  fmnt.  D  to  c, 
extonwl  Kudibory  meatiui:  t:r,  tympanic  membrane;  b,  the  lympanmn  with 
the  auditory  CMiiiclen  in  it:  HiaR,  KustAi'hIaii  tutie:  A.  labyrintlu 

sage  is  closed  ut  iia  inner  end  by  tho  tympanic  or  drum 
membrane.  It  is  lined  hy  a  i>rolongation  of  the  skin, 
through  which  numerousi  small  glands,  secreting  the  wax 
of  the  eur,  open. 

Tlie  Tympanum,  or  drum-chamber  of  the  ear  (H,  Fig. 
143),  is  an  irregular  cavity  in  the  temporal  bone,  dosed  ex- 
ternally by  the  drum  luembiune.  From  \U  inner  side  the 
En»lachian  tubf}  {H  to  A')  proceeds  and  opens  into  the 
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pharynx  {tj^  Fig.  89)*,  and  the  mncotis  membrane  of  that 
ily  is  continued  up  the  tul>e  to  line  the  t ynipuuum;  l>etwcdl 
this  inside,  and  the  skin  of  the  external  auditory  mcatas 
outside,  is  the  proper  tymi»anic  mcmbrunc  composed  of 
connective  tissue.  The  inner  wall  of  the  tymjmnum  is 
bony  except  for  two  small  ui>erture8.  the  oiml  and  round 
forame)is,  which  lead  into  the  labyrinth.  During  life  the 
vonnd  aperture  is  closed  by  tlie  lining  uuk-uu!?  membrane, 
nud  the  oval  in  another  way,  to  be  described  presently. 
'i'lie  fifmpanic  inembranet  c  c,  stretclied  like  a  drum-Yieiiil 
juTuas  the  tuUer  side  of  tlie  tympanum,  fonns  a  shallov 
funnel  with  its  rnnrnvity  outwards.  If  a  sheet  of  iiidioii- 
rubbor  be  stfctched  uvcr  a  nng  and  pulled  down  in  the 
centre,  its  form  will  be  very  like  that  of  the  membrane  in 
question.  It  is  pressed  by  the  external  air  on  its  exterior,  and 
by  airentering  the  tympanic  cavity  tlirongh  the  Eustachian 
tube  OD  its  inner  side.  If  the  tym])anum  were  closed  these 
pressures  would  not  be  always  equal  when  barometric  pres- 
snre  varied,  and  the  membrane  would  be  bulged  in  or  out 
according  as  tlie  external  or  internal  pressure  on  it  were 
the  greater.  On  the  other  hand^  were  the  Eustachian 
tube  always  open  the  sounds  of  our  own  voices  would  bo 
extremely  loud  and  disconcerting,  so  it  is  usually  closed: 
but  every  time  we  swallow  it  is  opened,  and  thus  the  air- 
])res8ure  in  the  cavity  is  kept  e^jual  to  that  in  the  external 
auditory  meatus.  By  holding  the  nose,  keeping  the  mouth 
shut,  and  fureibly  expiring,  air  may  be  forced  under  pres- 
sure into  the  tymi>anum,  and  will  be  held  in  part  impns- 
onud  there  until  the  next  act  of  swallowing.  On  making 
a  balloon  ascent  or  going  rapidly  down  a  deep  mine,  the 
sudden  and  great  change  of  aerial  pn>ssurc  outside 
frequently  causes  painful  tension  of  thcdnim  membrane, 
which  may  be  greatly  fdleviated  by  frequent  swallowing. 

The  Auditory  Ossicles.  Three  small  bones  lie  in  the 
tympanum  forming  ;i  chain  (Fig.  144)  from  the  drum 
membrane  to  the  oval  foramen.  The  external  bone  is  the 
malleus  ox  hammer;  the  middle  one,  ih^  incus  ox  anvil;  and 
the  internal,  the  stapes  or  stirrup.     The  malleus,  M,  has 

*  Page  309. 
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enlargement  or  head,  nrhich  carries  on  iic  inuer 
urtieular  surfuce  for  the  incns;  below  tbe  head  is  a 
constriction,  the  tuck,  and  t>elow  thia  two  processes  complete 
the  bone;  one.  the  lofuf  or  itletuit*r  prof'ess,  is  jinbcMided  in  a 
ligament  which  reachea  from  it  to  the  front  wall  of  the 
tytnpunnm;  the  otiicr  prwessj  the  handhf  reaches  down 
between  the  mucous  membrane  lining  the  inside  of  the 
4rum  menibnine  and  the 
Itiembnmc  proper,  and  is 
firmly  attached  to  the  lat- 
ter near  its  centre  and 
keeps  the  membrane 
dragged  in  there  so  as  to 
give  it  its  peculiar  concaro 

__iorm,  as  seen  from  the  out- 

feBUde.  The  incus  has  a  body 

^■and  two  proccs^^cs  and  is 

^Kmuch  like  a  molar  tooth 

|VVith   two   fangs.     Ou   Ita 

■*^  body  is  an  articular  hollow 
to  receive  the  head  of  the 
malleus;  its  short  process 
(,/b)  igattiiched  by  ligament 
to  the  back  wall  of  the  tym- 
panum; the  long  prot^css  (,//)  is  directed  inwards  to  the 
Btu|>cs;  on  the  tip  of  this  process  is  a  little  knob,  which 
re]>resent«  a  bone  {ott  orbicular e)  distinct  in  early  life.  The 
8tai>es  (.S*)  is  extremely  like  a  stirrup,  and  its  bjise  (the  foot- 
piece  of  the  stirrup)  fits  into  tlic  oval  fonimcn,  to  the  mar- 
gin of  which  its  edge  is  united  by  a  librous  membrane, 
allowing  of  a  little  play  in  and  out. 

From  the  posterior  side  of  the  neck  of  the  malleus  a 
ligament  passes  to  the  back  wall  of  the  tyinpunum:  this, 
with  the  ligament  imbedding  the  tilender  process  uud  fixed 
to  the  front  w;dl  of  the  tyuipanuni,  forms  an  antero-pos- 
terior  axud  lif/ninentj  on  wliich  the  malleus  can  ulightly 
rotate,  so  that  the  handle  can  bo  pushed  in  and  tlie  head 
out  and  vice  versa.  If  a  pin  Ik?  driven  through  Fig.  144 
just  below  the  neek  of  the  malleus  and  j>er|>cndicular  to  the 


Fia.  144.— The  nuditor^  oaslclet  of  tlw 
rJKhi  ear.  aeea  from  th«  trooL  M.  mal 
leiis;   J.  Inciw;   H.  atnpes:    Jtfep,  be«d  of 


proeciw;  J/hi.  handle:  Jc.hoAy,  Jb. 
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orCrtculorc,' 5rp  hemd  of  stapes. 
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paper  it  will  Terr  fairly  represent  this  axis  of  rotation.' 
Connectci:!  with  the  niHlleus  is  a  tiny  muscle^  called  th«j 
tensor/ If  t/iptmi;  it  is  inserted  on  the  handle  of  the  bonebeloV| 
the  axis  of  roiutiou.  and  when  it  cuntnu;tt$  |mlL<  the  haiidla 
in  und  tighteus   the  drum   membrane.      Another  mnscla 
(the  gfapfdius)  is  inserted  into  the  outer  end  of  the  stupes^ 
and  wl»en  it  contracts  fixes  the  bone  so  as   to  limit  iU 
range  of  muremeut  in  and  out  of  tlie  fenestra  ovalis. 

The  Internal  Ear.  The  labyrinth  consists  primurily  of 
chambers  and  lubes  hollowed  out  in  the  temporal  bone  and 
inclosed  by  it  on  all  sides,  exce])t  for  the  oval  and  round 
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Fio.  14ft.— Caatu  of  Ihr  l>.iny  labrrliilh.     A.  left  Inhvrtnth  iv^m  from  ttw 

6l(k':  B.  right  labyrJnlh  from  the Innfr  slUe;  r,  I«-ft  Uhyriiitb  rn>tn  ahore;  f>, 
n^'und  foramen;  fV.  uval  fummen;  A,  horizontal  seTOldrvuUr  i-anal;  ka,  iu 
iim|uilln:  ttria,  aiiipiillu  nf  ant«rior  vprticml  aeiiiicinnilar  auuU;  vpa,  ampulto 
of  ix)st4^riur  vLTtleol  mo mJciroular  cuud ;  vc.  ooojoined  porHon  of  th«  two  ver- 

liCftl  CATlftlil, 

foramens  on  its  exterior,  and  certain  iii)ertiires  on  its  inner 
side  by  which  bluod-vessels  iind  brauuhes  uf  the  auditory 
iiorvo  cuter:  during  life  all  those  are  closed  water-tight  in  one 
way  or  another.  Lying  in  the  bony  Jnbynnfh  thus  con^iti- 
tuted,  are  membranous  parts,  of  the  same  general  form  but 
firaaller.  eo  that  between  ihe  two  a  space  is  left;  this  is  filled 
with  a  watery  fluid,  called  the  ptrilymph;  a»id  the  mtfui- 
branous  intenial  ear  is  filled  by  a  similar  liquid,  the  endo- 
hffiiph. 

The  Bony  liabyrjath.  The  bony  labyrinth  is  deticribcd 
in  iiircc  purtions.  the  voMihuh,  the  srmirirrular  ronoU, 
and  the  cochlea;  qxxau  of  i(s  interior  are  rcprescutc(1  fmm 
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different  aqiecta  in  Fig.  145.  TIig  restihule  is  the  ccntial 
jmrt  and  haa  on  ita  exterior  the  oval  fi)ramen  (Fr)  int*) 
wliich  the  bjvse  of  the  stirrup-bone  fits.  Behind  the  vestibule 
are  three  bony  semicircular  canals,  communicating  with 
the  back  of  the  vestibule  at  each  end,  and  dilated  near  one 
end  to  form  an  ampnlln  (vpa,  ma,  and  ha).  The  horizon- 
tal canal  lies  in  the  plane  which  its  name  implies  and  has 
iU  ampulla  at  the  front  end.  The  two  other  canals 
lie  vertically,  the  anterior  at  right  angles,  and  the  pos- 
terior parallel,  to  the  median  uutero-posterior  vertical  plane 
of  the  head.  Their  ani|iiilhiry  ends  are  turned  forwards 
and  open  close  together  uito  the  vestibule:  their  jwsterior 
ends  unite  {vc)  and  have  a  common  vestibular  opt-niug. 

The  bony  cochlea  in  a  tube  ciiled  on  iti?e]f  ^^oiuewhat 
L'ke  a  snail's  Mhell,  and  lying  in  fn^it  of  tiie  vestibule. 

The  Ifembmnoua  Labyrinth.  The  membranous  vesti- 
bule, lyiug  in  the  bony,  consists  of  two  sacs  communicating 
by  »  narrow  ajHTture. 
The  jxmterior  is  called 
the  uhuntlns,  and  into 
it  the  m  c  m  b  r  a  u  0  u  8 
semicircular  canals 
open.  The  anterior, 
culled  the  sac  cuius, 
communicates  by  a  tube 
with  the  membranous 
cochlea.  The  mera- 
bnmous  semicircular 
canals  much  resenible 
the  bony,  and  each  has 
an  ampulla;  in  most 
ctf  their  extent  thcv  are  only  nnitod  by  n  few  irregnlar 
connective-tissue  bauds  with  the  periosteum  lining  the 
bony  canals;  but  in  the  ampulla  one  side  of  the  mem* 
bnmous  tube  is  closely  adherent  to  its  bony  protector;  at 
this  point  nerves  enter  the  former.  The  relatiofis  of  the 
membranous  to  the  hruiycorhlea  are  more  complicated.  A 
section  through  this  part  of  the  auditory  apparatus  (Fig. 
14(j)   shows   that   its   oaseons   jKirtion   consists  of  a   tube 


rio.   t4A.— A  section  tkrnugh  tho  ctx-'lilea 
in  the  line  of  lu  axis. 
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wpiiuJ  two  and  i  ludf  times  (from  left  to  right  it:  the  r 
ear  and  nVs  tw«<i)  around  a  centrul  Uoiiyaxis,  the-  mmliolnt, 
Fh>m  the  axis  a  shelf,  the  lamina  spiralU,  projects  and  par* 
tialW  auhdiTides  the  tube*  extending  farthest  across  in  it^ 
lower  coils.  Att;iched  to  the  outer  eud  of  this  \»mj 
plate  \&  the  membrauous  eoelklea  {smhi  tn^elia),  n  lohe 
triangular  iu  cross-section  and  attuchctl  by  its  baso  to 
ike  outer  side  of  the  bony  oochleor  spiraL  The  spiral 
lamina  and  the  membninoug  cochlea  thus  subdivide  tlio 
cavity  of  the  Iwny  ii4*>e  (Fig.  147)  into  iin  upper  jwrtion, 
the  seaia  rtah&uli,  S  T.  mid  a  lower,  the  scala  tympanic  ST, 
Between  these  lie  the  lamina  spindi^  (ho)  and   the  mem* 


Fio  tir.-^tctloaof  ooecoilof  the  ciH.hlra.  nuumlOed.  SV^  »nUa  v^UbmU' 
It.  nvmhruiC' a(  Reinaer:  CC.  metutumnou&  ctx^liliA (jcoIb  niarffnj.  tU^t^^m 
ktmima  apiraiu,  t  tcctorl*!  OMnAMMB;  ST,  9eaU»  tgrnpoHi;  bo.  uplrftl  tiadBs; 
C^  rods  of  Oora;  *.  bMfbr  membruie. 

branous  cochlea  {CC)^  the  latter  being  bounded  uhoTe  hy 
the  membrane  of  Heissiier  (R)  and  below  by  the  basilar 
membrane  (d).  The  inner  edge  of  the  lamina  spiralis  is 
thickened  and  covered  with  connective  tissue  which  is  hol- 
lowed out  so  as  to  form  a  sj>iral  groove  (the  sulcus  spiralis^ 
si)  along  the  whole  length  of  the  membranous  cochlea. 
The  latter  does  not  extend  to  the  tip  of  the  bony  cochlea; 
above  itf  apex  the  scala  vestibuli  and  ecala  tympuui  com- 
municate; both  are  filled  with  perilymjih,  and  the  former 
communicates  below  with  the  perilvmph  cavity  of  the  T«»g- 
tibule,  while  the  scala  tympani  abuts  below  on  the  round 
foramen,  which,  as  has  nlroiuly  been  jraiuted  out,  is  closed 
by  a  membrane.     The  membranous  cochlea  contains 
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tain  solid  stractores  seated  on  the  basilar  membrane  and 
forming  the  organ  of  Cord;  the  rest  of  its  cavity  is  filled 
with  endolymph,  wliich  communicates  with  that  in  the 
saceulus. 

The  Organ  of  Corti.  This  contains  the  end  organs  of 
the  cochlear  nerves.  Lining  the  nulcns  spiralis  are  cubni- 
dal  cells;  on  the  inner  edge  uf  the  biwilur  nifmhrane  thtj 
l>ecome  columnar,  and  these  arc  succeeded  Iiy  a  row  which 
bear  on  their  upper  ends  a  set  of  short  stiff  hairs,  and  con- 
stitute the  inner  hair^elh,  which  are  fixed  below  by  a 
narrow  apex  to  the  hjisilar  membnine;  nerve-fibres  enter 
them.     To  the  inner  hair-cella  succeed  tlie  roth  of  Corti 


Flo.  1*&— The  rfKJa  of  OortL  j<,  apalrof  rods  i»ep»rato<I  from  Uie  r«irt;  ff.» 
bit  of  the  basilar  membrane  with  Bevoral  rods  on  It,  sIiuwIdk  bow*  they  cover  in 
the  funnel  of  Corti;  i,  Innvr,  nml  e,  nuter  rodji;  b,  builbLr  membrane;  r,  ivt(- 
cular  memtinuv. 

(Co,  Fig-  147),  which  are  represented  highly  magnified  in 
Fig.  148.  These  rods  are  stitf  and  arranged  side  by  side  in 
two  rows,  leaned  against  one  another  by  their  np]>er  ends 
80  as  to  cover  in  a  tunnel;  they  are  known  respectively  a8 
the  inner  and  outer  rods^  the  former  being  nearer  the 
lamifm  spiralis.  Each  rod  has  a  somewhat  dilated  base, 
firmly  fixed  to  t,)io  basilar  niembriine:  an  expanded  head 
where  it  meets  its  fellow  (the  inner  rod  presenting  there  a 
concavity  into  which  the  roumlcd  liead  of  the  outer  fits); 
and  a  slender  sliaft  uniting  the  two,  slightly  curved  like  an 
italic  S,  The  inner  rods  are  more  slender  and  more 
numerous  than  the  outer,  their  numbers  being  about  *>000 
and  4500  resiiectivcly.  Attached  to  the  external  sides  of 
the  heads  of  the  outer  rods  is  the  reticular  mo$nhritnc  {r. 
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Fig.  148),  wliicli  is  stiff  and  perfomred  bv  holes.  External 
to  the  ontor  rod*  come  four  rows  of  outer  hair-r.elUy  oon- 
nect^  like  the  inner  row  with  nonrt-- 
fibrej?;  thoir  bristles  projoot  into  lln' 
holes  of  the  reticular  membrane.  Ik 
yond  the  outer  hair^cells  its  ordinary 
columnar  epithelinm,  which  pfts#i»s 
gradually  into  cuboidal  cells  lining 
most  of  the  membranous  ooohlea. 
The  up[M?r  lip  of  the  sulcus  «piruli.^ 
is  uncovered  by  epithelium,  and  i8 
known  as  tho  lirnhmt  lamtntw  xpi- 
rali»;  fnim  it  projects  the  tectorial 
membranr  (/,  Fig.  147)  which  extends 
over  the  rods  of  Corti  and  the  hair- 
cells. 

Nerve-Endings  in  the  Semicir* 
oular  Canals  and  the  Voatibule. 
Nerves  reach  the  amimlla  of  each 
semicircular  canal,  and,  perforating 
it^  wallf  outer  the  epit)\eliuui  lining 
it  which  is  there  several  layers  thick 
(Fig.  14;»).  Some  of  the  cells  {ap) 
arc  fusiform  and  have  large  nuclei;  m 
slender  external  process  nni«  from 
each  to  tlie  cavity  of  the  ampulla  and 
is  then  continued  as  slender  stiff  hair 
(//),  which  projects  into  the  endo- 
lymph.  The  deeper  ends  of  these 
cells  have  been  descnl)ed  as  joining 
the  terminal  branches  of  nerre- 
fibrea,  fM>  tliat  they  must  be  regan!e<l 
as  enii  orofins.  In  the  utricle  and  sncn/fe  are  somewhat 
similar  structures;  but  collected  among  the  hairs  are 
minute  calcareous  particles,  t!ie  ear-stones  or  otolitha. 
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The  Loudness,  Pitch,  and  Timbre  of  Sounds.     Sounds. 

as  sensations,  fall  into  t  wo  groups— /lo/r^  untl  rwises,    Phyai- 
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callj,  sounds  consist  of  vibnitions,  and  these,  under  most 
circamstiinces,  when  they  first  reach  our  auditory  organs, 
are  alternating  rarefactions  and  condensations  of  the  air, 
or  aerial  iraves.  When  the  waves  follow  one  another  uiii- 
formlj,  or  periodically,  the  resulting  sensation  (if  any)  is 
a  note;  when  the  vibrations  ore  aperiodic  it  is  a  noise. 
In  notes  we  recognize  (1)  loudness  or  intensity;  ('-J)  pitch; 
(3)  quality  or  tlvihre,  or,  as  it  has  i>een  called,  io7ie  color; 
a  note  of  a  given  loudness  and  pitch  produced  by  a  trum- 
pet and  by  a  violin  has  a  different  chiinicter  or  individu- 
ality in  each  case;  this  quality  is  its  timbre.  Before  un- 
derstanding the  working  of  the  imditory  mechanism  we 
must  get  some  idc4i  of  the  physiciil  qualities  in  objective 
sound  which  the  subjective  differences  of  auditory  seusa- 
tions  are  signs  of.  / 

The  loudness  of  a  sound  depends  on  the  force  of  the 
aerial  waves;  the  greater  the  intensity  of  the  alternating 
condensations  and  rarefactions  of  these  in  the  external 
auditory  meatus,  the  louder  the  sound.  The  pitrh  of  a 
note  dei>ends  on  the  length  of  the  waves,  that  is  the  dis- 
tance from  one  i>riut  of  greatest  condensation  to  the  next, 
or  (what  amounts  to  the  same  thing)  on  the  number  of 
waves  reaching  the  ear  in  given  time,  say  a  second.  The 
shorter  the  waves  the  more  rapidly  they  follow  one  another, 
and  the  higher  the  pitch  of  the  note.  Wlien  audible 
vibrations  l)eur  the  ratio  1  :  2  to  one  another,  we  hear  the 
musical  interval  called  an  octavo.  The  note  r  on  the  un- 
accented octave  is  due  to  133  vibrjitions  in  a  second.  The 
note  c'j  the  next  higher  octave  of  this,  is  produced  by  264 
vibrations  in  a  second;  the  next  lower  octave  (great  octave, 
C)j  by  GG;  and  so  on.  Sound  vibrations  may  be  too  rapid 
or  too  slow  in  succession  to  prodnce  sonorous  sensations, 
just  Jis  the  ultra-violot  and  nltr:i-red  rays  of  the  solar 
spectrum  fail  to  excite  the  retitm.  The  highest-pitched 
audible  note  answers  to  about  38,01*5  vibrations  in  a 
second,  hut  itdifffrs  in  individuals:  tniiuy  persons  cannot 
hear  the  crv  of  a  bat  nor  Liu'  cliiri-  *)f  <i  cricket,  which  lie 
near  this  upper  andibU*  limit.    On  the  other  hand,  sounds  of 


544 


fm  EtTMAN  BODT. 


vibrational  rate  about  40  per  second  are  not  well  heard, 
and  a  little  bi4ow  this  buuome  inaudible.  The  highest 
note  used  in  orehestraa  is  the  tT  of  tbe  tifth  accented 
octave,  produced  by  the  piccolo  flute,  due  to  4752  vibra- 
tious  in  a  second;  and  the  lowest-pitched  is  the  E,.  of  the 
contra  octavo,  produced  by  the  double  baas.  Modern  grand 
pianos  and  organs  go  down  to  C,  in  the  contra  octave  (33 
vibrations  per  second)  or  even  A.^  (271),  ^^^  ^^^  musical 
(quality  of  such  notes  is  imperfect;  they  produce  rather  a 
*'buzz*'  than  a  true  tone  sensation,  and  are  only  used 
along  with  notes  of  higher  octaves  to  which  they  give  a 
ohiiruL'Ler  u£  greater  depth. 

Pendular  Vibrationa.  Since  the  loudness  of  a  tone  de- 
pends on  the  vibrutiuual  amplitude  of  its  physical  antece- 
dent, and  its  pitch  on  the  vibrational  rate,  wo  have  siiU 
to  seek  the  cause  of  iimbre;  the  quality  by  which  we  recog- 
nize the  human  voice,  the  violin,  tlie  piano,  and  the  flute. 
even  when  all  sound  the  same  note  and  of  the  same 
loudness.  The  only  quality  oX  periodic  vibrations  left  to 
account  for  this,  is  what  we  may  call  ttutve-form.  Think  of 
the  movement  of  a  pendulum;  starting  slowly  from  its 
highest  ])oiatj  it  sweeps  faster  and  faster  to  its  lowest,  and 
then  slower  and  slower  to  its  highest  point  on  the  opposite 
side;  and  then  rej>eats  the  movements  in  the  reverse  direc- 
tion. Graphically  we  may  represent  such  vibrations  by  the 
outer  continuous  curved  line  in  Fig,  150.  Suppose  the 
lower  end  of  the  pendulum  to  boar  a  writing  point  which 
marked  on  a  sheet  of  paper  traveling  down  iiniformlv 
behind  it,  and  at  such  a  rule  as  to  travel  the  distance  0-1 
in  two  seconds.  K  the  pendulum  were  at  rest  the  stnJght 
vertical  line  would  be  drawn.  But  if  the  pendulum  were 
swinging  we  would  get  a  curved  line,  compounded  of  the 
vertical  movement  of  the  paper  and  the  to-and-fro  move- 
nieut  of  the  pendulum,  writing  sometimes  on  one  side 
iif  the  line  0-1-2  and  sometimes  on  the  other.  Starting 
at  a  moment  when  the  pendulum  crosses  the  middle,  0,  we 
v.ouUl  got  described  the  curve  0  a\  a*  <ri,  at  first  separating 
X:ist  from  the  vertical  line,  tlien  slower,  then  returning,  at  fir«l 
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gradually  then  faster,  until  it  met  theTerticiJ  again,  at  the 
end  of  1"  and  comnienccd  uu  exactly  similar  excursion  on  it^ 
other  side,  at  the  end  of  which  it  would  be  back  at  1, 
and  in  just  the  same  position,  and  ready  to  repeat  exactly 
the  swing,  with  wliich  we  commenced.  A  pendulum 
thus  executes  similar  movements  in  equal 
periods  of  time,  or  its  vibrations  are 
periodic,  A  full  swing  on  each  tside  of 
the  position  of  rest  constitutes  a  complcto 
vibration,  so  the  vibrational  period  of  a 
second's  pendulum  is  two  seconds:  at  the  [       /^ 

end  of  that  time  it  is  precisely  where  it 
was  two  seconds  before,  and  moving  in 
the  same  direction  and  at  the  same  rate. 
It  is  clear  that  by  examining  such  a  curve 
we  could  tell  exactly  how  the  pendulum 
moved,  and  also  in  what  period  if  we  knew 
the  rate  at  which  the  paper  on  which  its 
point  wrote  was  moving.  The  vertical 
line  0-1-2  is  called  the  absris.sa:  per- 
pendiculars drawn  from  it  and  meeting 
the  curve  are  ordinate^:  etpuil  lengths  on 
the  abscissa  represent  equal  times;  where 
an  ordinate  from  a  given  point  of  the 
abscissa  meets  the  cun^e,  there  the  writing 
point  was  at  that  moment;  where  succes- 
sive ordinatea  increase  or  decrease  rapidly 
the  pendulum  moved  fast  from  or  towards 
its  position  of  rest,  and  vice  versa.  Simi- 
larly, any  other  periodic  movement  may  be 
perfectly  represented  by  curves;  and  since 
the  form  of  the  curve  tells  us  all  about  the 
movement,  itiscommontospeakof  the*' form  of  a  vibration/* 
meaning  the  form  of  ihe  curve  which  indicates  its  charac- 
ters. Periodic  vibrations  like  those  in  Fig.  150,  where  llie 
ordinatea  at  6rst  grow  fast,  then  more  slowly,  then  dimin- 
ish slowly  and  then  faster,  and  represented  by  a  symme- 
trical curve  on  one  side  the  abscissa^  which  is  repeated 
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exactly  on  the  other  side  of  the  abscissa,  are  known  as 

pt'iidiilar  vihrationii. 

Tho  Composition  of  Vibrations.  The  vibrations  of  a 
second's  pendulum  set  the  nir-piirtidGs  in  contact  with  it 
in  similar  movement,  bnt  the  aerial  waves  succred  one 
fii;nt]u'r  too  slowly  to  produce  in  us  the  sensation  of  a 
nuisictil  note.  If  for  the  jM^iiduhim  wc  substitute  a  tunlug- 
fork  (the  prongs  of  which  move  in  a  like  way),  and  the 
fork  vibrates  132  times  per  1",  then  132  aerial  waves  will  full 
on  the  tympanic  monibrana  in  that  time,  and  we  will  hear 
tho  note  r  of  tlie  unnccented  octave.  If  the  larger  con- 
tinuoua  curve  in  Fig,  150  represent  tlie  aerial  vibrations  in 
this  case,  tho  distance  0  to  1  on  the  abscissa  will  ]*epresent 
Y^  of  a  second.  Let,  simultaneously,  the  air  he  set  in 
movement  hya  fork  of  the  next  higher  octave,  r*.  making 
2G4vihnition.sprr  1";  under  the  influence  of  this  second  fork 
alone,  the  aerial  particte-s  wonid  move  as  represented  by  the 
smaller  continuous  curved  line,  the  waves  being  half  a£  lonj; 
and  cutting  the  abscis.^a  twice  as  often.  But  wht-n  both 
forks  act  together  the  aerial  movement  will  be  the  algebmic 
sum  of  tho  niovenientji:  due  to  each  fork;  when  both  drive  the 
air  one  way  tliey  will  reinforce  one  another,  and  rirp  versa; 
tiic  result  will  K^  the  movemeut  represented  by  the  dotted 
line,  whieh  is  hLIU  peri(Klie.  repeating  itself  at  equal  intervals 
of  time,  but  no  longer  jw»r/tt/ar,  since  it  is  not  alike  on  the 
ascending  and  descending  limbs  of  the  curves.  We  lbu« 
get.  at  the  fact  that  non-pendular  vibrations  may  be  jiro- 
diiccd  by  tlio  fusion  of  pendular,  or,  in  technical  phm^,  bj 
their  composition. 

Suppose  several  musical  instruments,  a«  thoee  of  an  or- 
chestra, to  he  s'muded  together.  Each  produces  itss  own 
effect  on  the  iiir-imr(iclc?*,  whose  movements,  being  tlie 
algebraical  sum  of  those  due  to  all,  must  at  any  given  in- 
stant be  very  complex;  yet  the  ear  can  pick  out  at  will  and 
follow  tho  tones  of  any  one  instrument.  From  tho  com- 
plex aerial  movement  it  can  select  that  fraction  of  it  which 
one  vibrating  body  produces.  The  air  in  tho  eitcmai 
auditory  meatus  at  any  given  moment  can  onJy  bo  m 
one  state  of  rarefaction  or  condensation  and  at  one  rate 
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in  one  direction  of  movement,  this  being  the  re8nltaiit 
all  the  forces  acting  upon  it;  all  clasliing,  and  some  |)usl»- 
ing  one  way  and  others  another.  If  tlie  resultant  move- 
ment be  not  periodic  it  will  be  reeognizetl  us  due  to  noises 
or  to  soreral  simultaneouH  inharmonic  musical  tones;  thi3 
is  commonly  the  case  when  muHical  tones  are  nni  united 
designedly,  and  the  ear  thus  get  one  criterion  for  di?tin- 
guishing  movcmenta  of  the  air  duo  to  several  aimnltaneims 
musical  tones.  However,  a  comiwsitc  set  of  tones  will  give 
rise  to  periodic  vibrations  when  all  are  duo  to  vibrations  of 
rates  which  are  multiples  of  the  same  whole  number.  In 
ench  cases  the  movement  of  the  air  in  the  umlitory  meatns 
has  no  pro{K.'rty  except  vibrational  form  by  which  the  ear 
could  distinguish  it  from  a  simple  tone;  wlicti  tliu  two 
tuning-forks  giving  tlic  forms  of  vibration  (with  rates  oa 
J  to  2),  represented  in  Fig.  150  by  continuous  lines,  are 
fionnded  together,  wc  get  the  new  fnrm  of  vibration  rc]>rc- 
$ented  by  the  dotted  lino,  and  lliis  has  the  same  period  as 
that  of  the  lower-pitched  fork;  j-ct  the  ear  can  clearly  dis- 
linguidh  the  resultant  sound  from  tliat  of  this  fork  alone, 
as  a  note  of  the  same  pitch  but  of  different  timbre;  and 
with  practice  can  recognize  exactly  what  simple  vibrations 
go  to  make  it  u]). 

The  Analysis  of  Non-Fendnlar  Vibrations.  If  a  per- 
son with  a  tniini'd  ear  li.sU'Uri  attL-niively  to  any  ordinary 
musical  tone,  such  nfi  tliut  of  a  piano,  ho  hears,  not  only 
the  note  whoso  vihralional  rate  dolennincf?  the  pitch  of  the 
tone  as  a  whole,  but  a  whole  series  of  higher  notes,  in 
harmony  with  the  general  or  fundamental  tone;  this  latter  is 
the  primanj  partial  tom^  and  the  others  are  svrondari/ 
partial  toneK;  nearly  all  tones  used  in  music  contain  boib. 
If  the  pnmo  tone  be  due  to  WVl  vibrations  a  second  (r), 
its  first  upper  partial  is  c'  (=  2G4  vibrations  per  second); 
the  next  is  the  fifth  of  this  octave  (//'  =  396  =  132  x  3 
vibrations  per  1');  the  next  is  the  second  octave,  c'  (132  X 
4  =  528  vibrations  per  1');  the  next  is  the  major  third  of  the 
e'  (=132  X  6  =  660  vibnitions  per  second  =  f'),  and  so  on. 
The  only  form  of  vibrati(tn  which  gives  no  upper  partial 
tones  ia  the  pendular;  we  may  call  notes  due  i-o  sucii  vibra- 
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iious  simple  tones;  and  we,  consequently,  rcco^ixoin  mofflc 
tones  which  arc  eimple  (gui^h  as  those  of  tuning-forks)  and 
those  which  are  compound;  these  latt<;r  arc  non-penduJar 
in  form. 

We  find,  then,  that  the  form  of  aerial  vihrations  deter- 
niinea  in  our  scasations  the  occttrrence  or  non-occurrence 
of  upper  jmrtial  tones.  It  also,  as  we  hare  seen,  deter- 
mines the  quality  or  timbre  of  the  tone,  since  vibrational 
amplitude  and  rate  are  otherwise  accounted  for  in  senn- 
tion  by  loudness  and  pitch. 

It  can  be  proved,  by  the  employment  of  the  higher 
mathematics,  that  every  periodic  non-peudular  movement 
can  be  analyzed  (aa  the  dotted  curve  of  Fig.  160  may  he) 
into  a  given  numlier  of  pendular  vibrations,  that  is,  every 
compound  vibration  into  a  set  of  simple  ones;  and  that 
every  periodic  non-pendular  vibration  can  be  made  by  the 
combination  of  pendalar.  Moreover,  any  given  comi>ound 
vihralion  can  be  analyzed  into  but  one  set  of  t^imple  ones; 
noothercDmbinatiou  will  produce  it.  Consequently  a  vibra- 
tional movement  of  the  air  in  the  external  auditor}-  passage, 
pi'odnctng  a  compound  musical  tone  sensation,  can  be  e^- 
iiibited  always,  but  only  in  one  way,  as  the  sum  of  a  num- 
ber of  simple  vibrations,  whose  rates  are  multiples  of  that 
which  determines  the  pitch  of  the  tone. 

Now  when  the  trained  ear  listens  to  a  tone  with  tlio 
object  of  detecting  up}>er  partials  if  present,  it  hears  them 
only  when  the  vibrations  are  non-|>endular  {i.e.  when 
theoretically  they  ought  to  be  present),  and  those  it  hears 
are  exactly  those  demanded  by  theory.  By  the  help  of 
certain  instruments  their  detection  is  made  easy  even  to 
the  untrained  car.  But  in  ortlinary  circnmstflnces  we  do 
not  heed  secondary  partial  tones;  we  hear  a  note  of  the 
pitch  of  the  primary  partial  and  of  a  certain  timbre;  and 
whenever  the  upper  partials  present  arc  different,  or  of 
different  relative  intensities,  the  timbre  of  the  note  varies. 
Hence  it  becomes  probable  that,  just  m*  the  ear  can  at  will 
follow  any  instrument  in  an  orchestra,  analyzing  the  af  rial 
movement  bo  as  to  select  and  follow  the  fraction  of  the 
whole  due  to  that  one,  so  it  can  and  does  analyze  compound 
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nc8  when  procet'clintr  from  one  instnimcnt.  and  ihiit  tlie 
npper  partiali*,  noi.  rising  into  con.soiou-<nc*f8  aa  definite 
tones  but  pre(*ent  a«  subdued  sensations,  give  its  char- 
acter to  the  whole  tone  and  deterniiuo  its  timbre.  It 
might  be.  however,  that  the  uomposilion  of  non-pendnlar 
vibrations  from  pemiular  wiia  a  mere  matliematieal  fietion, 
Imving  no  real  oxistenoe  in  nature;  before  we  can  accept 
the  above  explanation  of  timbre,  we  must  sec  if  there  is 
any  evidence  that,  a^  a  matter  of  fact,  non-pendular  vibra- 
tions, not  onlj  may  l>e,  but  are  made  up  by  the  combination 
of  pcndular. 

Sympathetio  Besonanoe.  Imagine  slight  taps  to  be 
given  to  a  }tenduhim;  if  these  be  repeated  at  such  intervala 
of  time  as  to  always  help  the  swing  and  never  to  retard  it, 
the  pendulum  will  soon  l>e  set  in  |>owerful  movement.  If 
the  taps  are  irregular,  or  when  regular  come  at  such  intervals 
tks  aometimes  to  pronu)to  and  sometimes  retard  the  move- 
ment, no  groat  swing  will  bo  produced;  but  if  they  always 
push  the  pendulum  in  the  way  it  is  going  at  that  instant, 
they  need  not  come  every  swing  in  order  to  set  uji  a  jiower- 
ful  vibration;  once  in  two,  three,  or  four  swings  will  do. 
A  stretched  string,  such  uj?  that  of  a  jtiano,  is  in  so  far  like  a 
grven  pendulum  tluit  it  teutls  to  vibrate  at  one  rate  and 
no  other;  if  atrial  waTeahit  it  at  exactly  the  right  tiroes 
they  soon  set  it  in  sufticiently  powerful  vibrations  to  cause 
it  to  emit  au  audible  note.  By  uniug  such  strings  we 
might  hop<!  to  detci't  Ihu  separate  |>eiKiular  vibrations  in 
any  non-pendnlar  jiciial  periodic  n(n\ement  if  such  really 
existed;  certain  strings  would  pick  out  the  penduhir  com- 
ponent agreeing  in  riite  witSi  their  own  vibrational  ix»riod 
and  be  soon  set  in  powerful  movement;  while  tliose  not 
vibrating  in  the  same  period  as  any  of  the  pendulnr  compi- 
nenta,  would  remain  pnK-tically  at  rest,  like  the  pendulum 
getting  taps  which  sometimes  helped  and  sometimes  imixtled 
it8  swing.  If  the  dampers  of  a  piano  be  raiseil  and  a  note 
be  sung  to  it,  it  will  be  found  tluit  several  strings  are  set  in 
vibration,  such  vibrations  being  called  st^mpnifutic.  The 
human  voice  emits  compound  tones  which  can  be  muthe- 
matically  analyzed  into  aimj>le  vibrations,  and  if  the  piano 
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strings  fiot  in  movement  by  it  l)e  examined,  tlicv  will  bo 
found  to  bo  exactly  those  which  answer  to  tlic^^c  pt* oduiar 
vibrations  and  to  no  others.  We  thus  get  experimental 
grounds  for  believing  that  compound  tones  arerejiHy  made 
up  of  a  number  of  simple  vibrations,  and  p:et  an  additionul 
justiiication  for  the  supposition  that  in  the  ear  each  note  is 
analyzed  into  its  ])endulur  components;  and  that  the  differ- 
ence of  sensation  which  we  call  timbre  is  due  to  the  effect  of 
the  seooudarj'  partial  tonei*  thus  i>erceived.  If  so.  ?be 
ear  mxx^i  have  in  it  an  apparatus  adapted  for  sympathtttc 
reitotianrfi. 

It  may  be  asked  why,  if  t!m  ear  analyzes  vibrations  in 
this  way,  do  we  not  commonly  perceive  it?  How  is  it  that 
what  we  ordinarily  hear  is  the  iimbrr  of  a  given  tone  and  not 
the  separate  upper  partials  which  give  it  this  character?  The 
explanation  is  more  psychological  than  physiologrieal,  and 
belongs  to  the  same  series  as  the  reason  why  we  do  not 
ordinarily  notice  tlio  blind  spot  in  the  eye,  or  the  doublc- 
iiess  of  objects  out  of  the  lioropter,  or  the  duplicity  of 
stercoacopic  images.  Wo  only  use  our  senses  in  daily  life 
when  they  can  tell  us  something  that  may  he  useful  to  us, 
and  we  neglect  ."JO  haiiitually  all  sensations  which  would  be 
useless  or  confusing,  that  at  last  it  needs  special  attention 
to  observe  them  at  all.  The  way  in  which  tones  are  com- 
bined to  give  timbre  to  a  note  is  a  matter  of  no  importance 
in  the  daily  use  of  them,  and  so  we  fail  entirely  to  observe 
the  comjxtnents  and  note  only  the  resultant,  until  we  make 
a  careful  and  scientific  examination  of  otir  eengations. 

The  Fimctiona  of  the  Tympanic  Membrane.  If  a 
Btretrhed  membrane,  such  ay  a  drum-head,  l>e  .strnek.  itwill 
be  thrown  into  periodic  vibration  and  emit  for  a  time  a  note 
of  a  determined  pitch.  The  smaller  the  menibranoand  the 
tighter  it  is  stretched  the  higher  the  pitch  of  its  note:  every 
stretched  membrane  thus  has  a  rate  of  its  own  at  which  it 
tends  to  vibrate,  just  as  a  piano  or  violin  string  has.  When 
a  note  is  sounded  in  the  air  near  such  a  membrane,  the 
alternating  waves  of  aerial  condensation  and  rarefaction  will 
move  it;  and  if  the  wave?  succeed  at  the  vibrational  rate  of 
the  membrane  the  latter  will  beset  in  powerful  sr/mjm/hrfir- 
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vibration;  if  thoy  do  not  paeh  the  inembrano  at  the 
proper  times,  their  effects  will  neutralize  one  another:  hence 
such  membrane  respond  well  to  only  one  note.  The  tym- 
panic membrane,  however,  responds  equally  well  to  a  large 
namberof  notes;  at  the  least  for  those  due  to  aerial  vibra- 
tions of  rates  from  60  to  4000  per  second,  running  over 
eight  octavos  and  constituting  those  commonly  used  in 
music  This  faculty  dej»ends  on  two  things;  (1)  the  mem- 
brane is  comparatively  loosely  and  not  uniformly  stretched; 
(2)  it  is  haded  by  the  tympanic  bones. 

The  drum-membrane  is  (p.  530)  in  the  form  of  a  shallow 
funnel  with  its  sides  convex  towards  its  cavity;  in  such  a 
membrane  the  tension  is  not  uniform  but  increases  towards 
the  centre,  and  it  has  accordingly  no  proper  note  of  its  own. 
Further,  whatever  tendency  such  a  membrane  may  have 
to  vibrate  rather  at  one  rate  than  another,  is  almost  com- 
pletely removed  by  **  damping''  it;  i.  e.  placing  in  contact 
with  it  Bomething  comparatively  heavy  and  which  yet  has 
to  be  moved  when  the  membrane  does.  This  is  effected 
by  the  tympanic  bones,  fixed  to  the  drum-membrane  by  the 
handle  of  the  malleus.  Another  advantage  is  gained  by  the 
dumping;  once  a  stretched  membnuie  is  set  vibrating  it 
continues  so  doing  for  some  time:  but  if  loaded  its  move- 
ments cease  almost  as  soon  as  the  moving  impulses.  The 
dampers  of  a  piano  are  for  this  purpose;  and  violin- 
playora  have  to  *'damp*'  with  the  fingers  the  strings  they 
h.ive  used  when  they  wish  the  note  to  cease.  When  the 
aerial  waves  cea^ic  the  loaded  drum-membrane  comes  to  rest 
almost  immediately,  and  is  ready  to  respond  to  the  next 
sot  of  waves  reaching  it. 

Funotions  of  the  Auditory  Ossicles.  When  the  air  in 
the  external  auditory  meatus  is  condensed  it  pushes  in  the 
handle  of  the  malleus.  This  bono  then  slightly  rotates  on 
the  axial  ligament  (p.  537)  and  drags  out  the  incus  and 
with  it  the  base  of  the  stapes;  the  reverse  occurs  when  air  in 
the  auditory  passage  is  rarefied.  Aerial  vibrations  thus  sot 
tlie  chain  of  bones  swinging,  and  pull  out  and  push  in  the 
base  of  the  stapes,  which  sets  up  waves  in  the  perilymph  of 
the  labyrinth,  and  these  arc  transmitted  through  the  mem- 
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branous  labyrinth  to  the  endoljmph.  These  liquids  being 
chiefly  water,  and  practically  incompressible,  the  end  of  the 
stapes  could  not  work  in  and  out  at  the  oval  foramen,  were 
the  labyrinth  elsewhere  completely  surrounded  by  bone: 
bnt  the  membrane  covering  the  round  foramen  bulges  out 
when  the  base  of  the  stapes  is  pushed  in,  and  vice  versa; 
and  so  allows  of  waves  being  set  up  in  the  labyrinthic 
liquids.  These  correspond  in  period  and  form  to  those  in 
the  auditory  meatus;  their  amplitude  is  determined  by  the 
extent  of  the  vibrations  of  the  drum-membrane. 

The  form  of  the  tympanic  membrane  causes  it  to  trans- 
mit to  its  centre,  where  the  malleus  is  attached,  vibrations 
of  its  lateral  parts  in  diminished  amplitude  but  increased 
power;  so  that  the  tympanic  bones  are  pushed  only  a  little 
way  but  with  considerable  force.  Its  area,  too,  is  about 
twenty  times  as  great  as  that  of  the  oval  foramen,  so  that 
force  collected  on  the  larger  area  is,  by  pushing  the  tym- 
panic bones,  all  concentrated  on  the  smaller.  The  ossicles 
also  form  a  bent  lever  (Fig.  144)*  of  which  the  fulcrum  is  at 
the  axial  ligament  and  the  effective  outer  arm  of  this  lever 
is  about  half  as  long  again  as  the  inner,  and  so  the  move- 
ments transmitted  by  the  drum-membrane  to  the  handle  of 
the  malleus  are  communicated  with  diminished  range,  but 
increased  jiowcr,  to  the  base  of  the  stapes. 

Ordinarily  sound-waves  reach  the  labyrinth  in  this  way 
through  the  tympanum,  but  they  may  also  be  transmitted 
through  tlie  bones  of  the  head  in  general;  if  the  handle  of 
a  vibrating  tuning-fork  be  placed  on  the  vertex,  for  exam- 
ample.  Such  sounds  seem  to  have  their  origin  in  the  head 
itself-  Similarly,  wlien  a  vibrating  body  is  held  between 
tlic  teeth,  sound  reaches  the  end  organs  of  the  auditory 
nerve  through  the  skull-bones;  and  persons  who  are  deaf 
from  disease  or  injury  of  the  tympanum  can  thus  be  made 
to  hear,  as  with  tlie  audiphone.  Of  course  if  deafness  be 
due  to  disease  of  the  proper  nervous  auditory  apparatus  no 
device  can  make  the  person  hear. 

Function  of  the  Cochlea.  M^e  have  already  seen  reason 
to  believe  that  in  the  ear  there  is  an  apparatus  adapted  for 
sympathetic  resonance,  by  which  we  recognize  different 
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mn^iciil  tone-colors;  the  minute  structure  of  the  momlira- 
Doud  cochlea  is  euch  as  to  leiul  us  to  look  for  it  there.  An 
old  view  was  that  the  rods  of  Corti,  which  vary  in  length, 
were  like  so  mauy  piano- strings,  each  tending  to  vibrato  at 
a  given  rate  and  picking  out  and  rc3i>onding  to  pondular 
aerial  vibrations  of  its  own  period,  and  exciting  a  nerve 
wliich  gave  rise  to  a  particular  tone  sensation.  When  the 
labyrinthic  fluids  were  set  in  non-jiendular  vibrations,  the 
rods  of  Corti  were  thought  to  analyze  these  into  their  pendu- 
lar  components,  all  rods  of  the  vibrational  rate  of  tliesc  be- 
ing set  in  sympathetic  movement,  but  that  rod  moat  whose 
period  was  that  of  the  primary  partial  tone;  this  would 
determiue  the  i)itch  of  the  note,  and  the  Jess-marked  sen- 
sations due  to  the  others  aflected  would  give  it  its  timbre. 
The  rods,  however,  do  not  differ  in  size  sufficiently  to 
account  for  the  range  of  notes  which  we  hear;  they  uro 
absent  in  birds,  which  undoubtedly  distinguish  different 
musical  notes;  and  the  nerve-fibres  of  the  cochlea  are  not 
connected  with  them  but  with  the  hair-cells. 

On  the  whole  it  seems  ])robable  that  the  baeilar  mem- 
braue  is  to  be  looked  upon  as  the  primary  arrun;[^ement  for 
sjmpatlietie  roaonauce  in  the  ear.  It  increases  in  breadth 
twelve  times  from  the  base  of  the  cochlea  to  its  tip  (the 
less  width  of  the  lamina  spiralis  ut  the  apex  more  than 
compensating  for  the  less  size  of  the  bony  tube  there) 
and  is  stretchetl  tight  across,  but  loosely  in  the  other  direc- 
tion. A  membrane  so  stretched  behaves  as  a  set  or  separate 
string?  placed  side  by  side,  somewhat  as  those  of  a  hai'p 
but  much  closer  together;  and  each  string  would  vibrato  at 
its  own  period  without  influencing  much  those  on  each  side 
of  it.  Probably,  then,  each  transverse  band  vibrates  to  sim- 
ple tones  of  its  own  period,  and  excites  the  liair-cells  which 
lie  on  it,  and  through  them  the  nerve-fibres.  Perhaps  the 
rods  of  Corti,  being  stiJf.  and  carr}*ing  tho  reticular  mem- 
brane, rub  that  against  the  ujiper  ends  of  the  huir-cclls  which 
project  into  its  apertures  and  so  help  in  a  subsidiarj*  way, 
each  pair  of  rods  being  especially  moved  when  the  band  of 
basilar  membrane  carrying  it  is  set  in  vibmtion.  Tlic  tec- 
torial membrane  is  probably  a  '•  damper j"  it  is  soft  and 
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inelastic,  r.nd  suppresses  the  vibrations  as  soon  as  tbe  mor- 
iiig  force  ceases. 

Function  of  the  VoBtibulo  and  Semioixcular  Canals. 
Many  noises  are  merely  8p<»iled  music;  tlieyare  due  to  tones 
80  comliined  as  not  to  give  rise  to  periodic  vibrations;  these 
are  probably  heard  by  tlie  cochlea.  If  a  single  violent 
air-wttvG  ever  causae  a  sound  sensation  (which  is  doubtful 
since  any  violent  push  of  au  elastic  substiince,  snch  as  the 
air,  will  cause  it  to  make  several  rebounds  before  coming  to 
rest)  we  perhaps  bear  it  by  tbe  vestibule;  the  otoliths,  there 
in  contact  with  the  auditory  hair?,  are  imbedded  in  a 
tenacious  gummy  ma>*3  quite  distinct  from  the  proper 
endolymph,  and  are  not  adapted  for  executing  reguhir 
vibrations,  but  they  might  yield  to  a  single  powerful  impulse 
and  transmit  it  to  the  hair -cells,  and  through  them 
stimulate  tbe  nen*os.  There  is  reason  to  believe  that  the 
semicircular  canals  have  nothing  to  do  with  hearing;  their 
eujiposed  I'linctiou  is  described  in  Chapter  XXXV. 

Auditory  Fercoptiona.  Sounds,  as  a  general  rule,  do 
not  eeem  to  us  to  originate  within  the  auditory  apparatus; 
we  refer  them  to  an  external  source,  and  to  a  certain  extent 
can  judge  the  diHtanre  and  direction  of  this.  As  already 
mentioned,  the  extrinsic  reference  of  sounds  which  reach  the 
labyrinth  through  tbe  general  skull-bones  instead  of  through 
the  tympanic  chain  is  imperfect  or  absent.  The  recogni- 
tion of  the  distance  of  a  sounding  body  is  possible  only  when 
the  sound  is  well  known,  and  then  not  very  accurately;  from 
its  faintne^s  or  loudness  we  may  make  in  some  cases  a 
pretty  good  guess.  Judgments  as  to  the  direction  of  a 
sound  are  also  liable  to  be  grossly  wrong,  as  most  [x^rsons 
have  experienced.  Ilowever,  when  a  sound  is  heard  louder 
by  the  left  than  the  right  ear  we  can  re<;ognize  that  its 
source  is  on  the  left;  when  eriualiy  with  both  ears,  that  it  is 
straight  in  front  or  behind;  and  so  on.  The  concha  has  jxir- 
haps  something  to  do  with  enabling  us  to  detect  whether 
a  sound  originates  before  or  behind  the  ear,  since  it  collects, 
and  turns  with  more  intensity  into  the  external  auditory 
meatus,  sound-waves  coming  from  the  front.  By  tnming 
the  head  and  noting  the  accompanying  changes  of  sensation 
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in  each  ear  we  can  localize  sounds  better  than  if  the  head  be 
kept  motionless.  The  large  moTable  concha  of  many  ani- 
mals, as  a  rabbit  or  a  horse,  which  can  be  turned  in  several 
directions,  is  probably  an  important  aid  to  them  in  de- 
tecting the  position  of  the  source  of  a  sound.  That  the 
recognition  of  the  direction  of  sounds  is  not  a  true  sensation, 
but  a  judgment,  founded  on  experience,  is  illastrated  by  the 
fact  that  we  can  estimate  much  more  accurately  the  direc- 
tion of  the  human  voice,  which  we  hear  and  heed  most, 
than  that  of  any  other  sound. 


CHAPTER  XXXIV. 

TOUCH,  THE   TEMPERATURE   SENSE,  THE 
MUSCULAR   SENSE,   COMMON  SENSA- 
TION, SMELL,  ANT)  TASTE. 


Kerve-Siidinga  in  the  Shan.  Many  of  the  aferent 
fikin-nenres  end  in  connection  with  h^-bnlba;  the  fine 
hairs  orer  most  of  the  cutancons  surface,  projecting  from 
the  skin,  transmit  any  moTement  impressed  on  them,  with 

increased  force,  to  the  nerre- 
fibres  at  their  fixed  ends.  In 
many  animals,  as  cats,  large, 
specially  tactile,  hairs  are  de- 
Teloped  on  the  face,  and 
these  have  a  very  rich  nerre- 
supply.  Fine  branches  of 
axis  cylinders  have  also  been 
described  as  penetrating  be- 
tween epidermic  celb  and 
ending  there  without  termi- 
nal organs.  In  or  immedi- 
ately beneath  the  skin  several 
peculiar  forms  of  nerve  end 
organs  have  also  been  de- 
scribed; they  are  known  as 
(1)  Touch-cells;  (2)  Pacinian 
corpnscUs;  (3)  Tactile  cor- 
puscks;  (4)  End-bulbs. 
The  Pacinian  corpuscles  (Fig.  151)  lie  in  the  subcutane- 
ous tissue  of  the  hand  and  foot,  and  abont  the  knee-joint; 
but  also  away  from  the  skin  on  branches  of  the  solar  plexus 
(p.  172),  so  that  it  is  doubtful  if  they  are  tonch-organB. 


Fio.   151.— A  Pacinian  corpuacle, 
nutgnifled. 
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They  are  otbI,  from  1.5  to  2.5  mm.  {^g  to  ,V  i»cli)  long, 
by  about  half  that  width,  and  Itave  a  whitish  translucent 
appcaniDce»  with  a  more  opaque  centre.  When  magnified 
each  is  found  to  consist  of  a  core,  surrounded  by  many 
concentric  capsules,  b,  A  norvc-libre,  a,  enters  at  one  end, 
and  ita  axis  cylinder,  c,  runs  along  the  core  to  the  other, 
where  it  terminates  in  one  or  two  little  knobs,  or  a  number 
of  fine  branches. 

The  (adik  corpuscles  lie  in  papillEe  of  ihe  dermis,  ond 
are  oval  and  about  ,08  mm.  {-^  inch)  in  length.  They 
contain  a  soft  core,  enreioj^ed  by  a  connective-tissue  cap- 


Fio.  ine.— Dermic  paplU»  with  UctOe  corpuKles.  A,  a  corpwdc  with  four 
n«rve-flbr^s;  n.  corputtclr;  6aDd  c.  nerre-fibrps.  B,  pftptlU  auide  Cnuwpamob 
vlUi  Acetic  Actd  to  KhowtAoUleoorposcIewithiD;  a,  proper tlfwae of  th«  MpOIa; 
b,  tAcUIe  corpuscle;  c.  entering  nerre.  d,  c,  Derve-flbre*  twlninfc  round  the  cor- 
puscle.   C,  a  papilla,  coatalning  a  tactile  corpuscle,  seen  In  optical  transTeno 
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8ule,  and  separated  into  severol  masses.  Two,  three,  or 
more  nerve-fibres  go  to  each  corpuscle  and  api>ear  to  end 
in  plates  lying  between  each  of  the  segments  of  the  core. 
Tactile  corpuscles  are  numerous  in  the  sit  in  of  the  hand 
and  foot,  but  are  rare  elsewhere.  This  limited  distribution 
over  the  surface  militated  against  the  belief  that  they  were 
tactile  end  organs;  but  it  has  lately  been  found  that  simpler 
bodies,  the  touch-cells,  of  the  same  essential  structure  but 
receiving  only  one  nerve-fibre  each,  are  distributed  all  over 
the  skin;  the  more  complex,  and  probably  more  irritjihlc, 
form  being  found  where  the  epidermis  is  especially  thick. 
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The pmf-ftu/5* are  spberoidjilaTiflabont.04mm.  (ri^iucn] 
in  diameter.  Eacli  consists  of  a  core,  with  a  coniiectiTc- 
tissue  capsule,  to  which  two  or  three  nerve-fibres  run:  the 
axis  cylinders  penetrate  the  core.  End-bulbs  are  found  oo 
one  or  two  rpgions  of  the  skin,  afi  that  oa  the  red.  part  of 
the  lips,  in  the  conjunctiva,  and  the  mucous  membnne 
covering  the  soft  palate*  and  the  tongue. 


Touch,  or  the  Pressure  Sense.  Through  the  skin 
^et  several  kinds  of  sensation;  touch  proper,  heat  and  cold, 
and  pain;  and  we  can  with  more  or  ies8  accuracj  localiae 
them  on  the  surface  of  the  Body.  The  interior  of  the 
mouth  possesses  also  these  sensibilities.  Through  xo\k\\ 
proper  we  recognize  pressure  or  traction  exerted  on  Ihe 
skin,  and  the  force  of  the  pressure;  the  softness  or  hard- 
ness, roughness  or  smoothness,  of  the  body  producing  it; 
and  the  form  of  this,  when  not  too  large  to  be  felt  all  over. 
In  the  latter  case,  as  when  we  move  the  hand  over  an 
object  to  study  its  shape,  muscular  sensations  are  com- 
bined with  projter  tactile,  and  such  a  combination  of  the 
two  sensations  is  frequent;  moreover,  we  rarely  touch  anj- 
thing  without  at  the  same  time  getting  to uiperatu re  sen- 
sations; 80  that  jmre  tactile  feelings  arc  rare.  Froin  an 
evolution  point  of  view,  touch  is  probably  the  first  distinctlj 
differentiated  sensation,  aud  this  primary  position  it  siill 
largely  holds  in  our  mental  life;  we  mainly  think  of  the 
Ihingfl  about  ns  as  objects  which  would  give  \xs  certain  tac- 
tile sensations  if  we  were  in  contact  with  them.  Though 
the  eye  tells  us  much  quicker,  and  at  a  greater  range,  what 
:irc  the  shapes  of  objects  aud  whether  ibey  are  smooth, 
rough,  and  so  on,  our  real  conceptions  of  rt>uud  und  square 
and  rough  l>odiDs  are  derived  through  touch,  ai\d  wo  traai^ 
late  unconsciously  the  teachings  of  the  eye  into  meutal- 
IcM'ms  of  the  tiu'tilc  sense.  A  person  whi*  saw  but  had  no 
totich-sense  would  conceive  solid  objects  very  differenllr 
from  the  rest  of  mankind. 

The  delicacy  of  the  tactile  sense  varies  on  different  pftrtt 
of  the  skia;  it  is  greatest  oa  the  forehead,  templcft,  and 
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back  of  the  forearm,  where  a  weight  of  2  milligr.  (.03 
grain)  pressing  on  an  area  of  0  si|.  niillim.  (.OlOD  sq.  ineh) 
ean  be  felt.  On  Llie  front  ttf  the  forcaini  3  milligr.  (.03*1 
grain)  can  be  similarlj  fell,  and  on  the  front  of  the  fore- 
finger 5  to  15  milligr.  (.07-0.23  gniin). 

In  order  that  the  pense  of  touch  mav  bo  excited  neiffh- 

r  O 

boring  wkin  area.s  must  be  differently  jtressed;  when  we  lay 
the  hand  on  a  table  this  ia  secured  by  the  inccjualitie«  of 
the  skin,  which  prevent  end  organs,  lying  near  together, 
from  being  Cijually  compresiicd.  When,  however,  the  hand 
i3  immersed  in  a  liquid,  m  mercury,  which  fits  into  all  its 
inequalities  and  presses  with  practically  the  same  weight 
on  all  neighboring  immeraed  areas,  the  sense  of  pressure  is 
only  felt  at  a  line  along  the  surfiice,  where  the  immersed 
and  uon-inimersod  parts  of  the  skin  meet. 

It  was  in  connection  with  the  tju'tile  sense  that  the  facta 
on  which  so-called  psycho-physical  law  (p.  4T3)  is  based, 
were  first  observed.  The  smallest  perceptible  ditlerence  of 
pressure  recognizable  when  touch  alone  ia  used,  is  about 
i;  I.e.  we  can  just  tell  a  weight  of  20  grams  (310  grains) 
from  one  of  30  (465  grams)  or  of  40  grams  (620  grains) 
from  one  of  60  (1130  graius);  the  change  which  can  just  be 
recognized  being  thus  the  sjimo  fracLiun  of  tliat  already  act- 
ing us  a  stimulus.  The  ratio  only  holdrf  gootl,  however, 
for  a  certain  mean  range  of  pressures;  and  ita  existence  for 
any  has  lately  been  denied.  Tlie  experimental  difficulties  in 
determining  the  question  arc  consi<lenible;  mnsctilar  sensa- 
tions must  l»c  rigidly  excluded;  the  time  elapsing  between 
laying  the  different  weights  on  the  skin  must  always  Ijo 
ci|uah  the  same  region  and  area  of  the  skin  must  bo  used; 
the  weights  must  have  the  wnnc  temiH?rature:  and  fiitigiie  of 
the  organs  must  bo  eliminaled.  Considerablo  individual 
variations  are  also  observed,  the  least  i>erceptiblc  difference 
not  being  the  same  in  all  persons. 

Tho  Localieing  Power  of  the  Skin.  When  tlm  eyes  are 
closed  and  a  point  of  the  skin  is  ttuu-lied  wc  can  with  some 
accunwy  indicate  tho  region  stimulated;  although  tactile 
feelings  arc  in  gencnd  characters  alike,  they  differ  in  some- 
thing (local  ngn)  besides  intensity  by  which  wo  can  distin- 
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guishthcm;  some  sub-sensation  quality  not  rising  definitely 
into  prominence  in  consciousness  must  be  present,  com- 
parable  to  the  upper  partials  determining  the  timbre  of 
a  tone.  The  accuracy  of  the  localizing  power  yaries  widely 
in  different  skin  regions  and  is  measured  by  observing 
the  least  distance  which  must  separate  two  objects  (as  the 
blunted  points  of  a  pair  of  compasses)  in  order  that  they 
may  be  felt  as  two.  The  following  table  illostrates  some 
of  the  differences  observed — 

ToDgue-tip 1.1  mm.    (.04  inch) 

Palm  side  of  lost  phalanx  of  finger 2.2  mm.    (.08  inch) 

Red  part  of  lips 4.4  mm.    (.16  Inch) 

Tip  of  nose 6.6  mm.    (.24  Inch) 

Back  ot  second  phalanx  of  finger 11.0  mm.    (.44  inch) 

Heel 23.0mm.    (.88inch) 

Back  of  hand 30.8  mm.  (1.28  inches) 

Forearm 89.6  mm.  (1.58  inches) 

Sternum 44.0  mm.  (1.76  inches) 

Back  of  neck 52.8  mm.  (2. 11  inches) 

Middle  of  back 66.0  mm.  (3.64  inches) 

The  localizing  power  is  a  little  more  acute  across  the  long 
axis  of  a  limb  Uum  in  it;  and  is  better  when  the  pressure 
JH  only  strong  enough  to  just  caiue  a  distinct  tactile  sensa- 
tion, than  when  it  is  more  pover- 
« — a^IOLLLUJC^.  ful;    it    is  also  xery  readily  and 

rapidly  improvable  by  practice. 

It  might  be  thought  that  this 
localizing  power  depended  directly 

t ^  i-L:.ciJLLLUXU>ALr     on  uerve  distribution;    that  each 

touch-nerve  had  connection  with 
a  special  brain-centre  on  the  one 
4     ViAiAAJ*^  hand    (the    excitation    of    which 

"j"  I        caused  a  sensation  with  a  charac- 

[  /         tcristic  local  sign),  and  at  the  other 

V/  end  was  distributed  over  a  certain 
^'  skin  area,  and  that  the  larger  this 

^'°'  *^'  area  the  farther  apart  might  two 

points  bo  and  still  give  rise  to  only  one  sensation.  If  this 
were  so,  however,  the  peripheral  tactile  areas  (each  being 
*letenmned  by  the  anatomical  distribution  of  a  nerve-fibre) 


LOCALIZATION  OF  TACTILE  SKNSATIONS,      561 


mnt^t  have  definite  unnhimgpable  limits,  which  expcriinpiit 

eliows  that  they  do  not  jxKise.ss.     Suj)pose  the  Hrnall  areas  in 

jyig.  153  to  each  represent  a  peripheral  area  of  nerve  diatribu- 

ition.     If  any  two  points  in  c  were  toiichal  we  would  accord* 

ling  to  the  theory  get  but  a  single  Beusation;  but  if,  while 

the  compass  points  remained  the  same  distance  apart,  or  were 

even  approximated,  one  were  placed  in  c  and  the  other  on  a 

contiguous  area,  two  tibres  would  be  stimulated  and  we  ought 

to  get  two  sensations;  but  such  is  not  the  ease;  on  the  same 

ekin  region  the  ]>oint><  mu.^t  be  always  the  same  distance 

apart,  no  matter  how  they  be  shifted,  in  order  to  give  rise 

to  two  just  dinlgiguishable  sensations. 

It  is  probable  that  the  nerve  area;'  are  much  smaller  than 
tlic  tactile;  and  that  several  unstimulated  must  intervene 
between  the  excited,  in  order  to  produce  sensations  which 
shall  be  distinct.  If  we  suppose  twelve  nnexcited  nerve 
areas  must  intervene,  then,  in  Fig.  153,  a  and  b  will  be  just 
on  the  limits  of  a  single  tactile  area;  and  no  matter  how 
the  points  are  moved,  so  long  as  eleven,  or  fewer,  unexcited 
areas  come  between,  we  would  get  a  single  tactile  sensation; 
in  this  way  we  can  cx[ilain  the  fact  that  tactile  areas  have 
no  fixed  bouuduru's  in  the  skin,  although  the  nerve  distri- 
bution in  any  part  must  be  constant.  We  also  see  why  the 
back  of  a  knife  laid  on  the  surface  causes  a  continuous 
linear  sensation,  altliough  it  touches  many  distinct  nerve 
areas;  if  we  could  discriminate  the  excitations  of  each  of 
these  from  that  of  its  immediate  neighbors  we  would  get 
the  sensation  of  a  series  of  points  touching  us,  one  for  each 
nerve  region  excited;  but  in  the  absence  of  intervening 
unexcited  nerve  areas  the  sensations  are  fused  together. 

Tlie  ultinuite  differentiation  of  tactile  areas  tjikes  place  in. 
the  central  orgnns,  as  will  he  more  fully  jHiiuted  ont  in  the 
next  chapter.  Afferent  nerve  impulses  reaching  the  spinal 
cord  from  a  finger-ti]>  enter  the  gray  matter  and  tend 
to  radiate  some  way  in  it;  from  the  gray  region  through 
which  they  spread,  impulses  are  sent  on  to  perceptive 
tBctiie  centres  in  the  brain:  if  two  skin-points  are  so  close 
that  their  regions  of  irradiation  in  the  cord  overlap,  then 
le  two  points  touclied  cannot  be  discriminated  in  con- 
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Bciousne^s,  snice  the  same  brain  regions  are  C3M;ited-  TTio 
more  |H»werful  the  stimulus  the  wulur  the  irradiation  in 
the  cord,  and  hence  the  lees  uceunite  the  discriminating 
power.  The  more  often  an  imjmlse  ha*  traveleil,  the  more 
does  it  tend  to  keep  its  own  proper  tnict  through  the  gray 
matter  of  the  cord,  and  get  on  to  its  own  pro}>er  brain- 
centre  idorve.  hence  the  increase  of  tactile  discrimination 
with  pnicti(!e,  for  we  cannot  suppose  it  to  l)e  due  to  a  growth 
of  more  uerve-fibres  down  to  the  skin,  and  a  rejirningement 
of  tiie  oldj  with  sniuller  areas  of  afiaiomical  distribution. 
As  a  general  rule,  more  movable  j^jirts  have  emaller  taetflo 
areas;  this  probably  depends  on  practice,  sinoe  they  are  the 
parts  which  get  the  greatest  number  of*different  tactile 
stimidatiouB, 

The  Temperature  Sense.  By  this  we  mean  our  faculty 
of  j)erceiving  cold  and  warmth;  and,  with  the  help  of  these 
seneationy,  of  perceiving  temperature  differences  in  external 
objects.  Its  organ  is  the  whole  skin,  the  mucous  membrane 
of  moutli  and  fauces,  pharynx  and  gullet^  and  the  entry  of 
the  niirc3.  Direct  heating  or  cooling  of  a  sensory  nerve  may 
stimulate  it  and  cause  pain,  but  not  a  true  temjierature 
sensation;  and  the  degree  of  heat  and  cold  requisite  is  much 
greater  than  tliat  necessary  when  a  temperature-perceiving 
surface  is  acted  upon;  hence  we  must  assume  the  presence 
of  temiieratnre  cnd-or^ans. 

In  a  comfortal)]e  room  we  feel  at  no  part  of  the  Body 
either  heat  or  cold,  although  different  parts  of  it«  surface 
are  at  different  temperatures;  the  lingers  and  nose  being 
cooler  than  the  trunk  which  is  covered  by  clothes,  and  this, 
in  turn,  cooler  than  (he  interior  of  the  mouth.  The  tem* 
jierature  which  a  given  region  of  the  temperature  organ 
hits  (\i$  meaiiiircd  by  a  thermometer)  when  it  feels  neither 
heat  nor  cold  is  \i&  temper afure-sensnt ion  ?<to,  and  is  not 
associated  with  any  one  objective  temperature;  for  not  only, 
as  we  have  just  seen^  does  it  vary  in  different  parts  of  tlie 
organ,  but  alw  on  the  same  j»art  from  time  to  time. 
Whenever  a  .^kin  rcgiitn  has  a  tcm])craturc  alx)ve  ils  scnsa- 
safion  zero  wc  feel  warmth  and  rice  vrrsti;  the  sengation  is 
inorc   marked   the  greater  tlic  difference,  and  the  more 
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suddenly  it  is  produoed;  toueliing  a  metallic  body,  which 
cunducts  heat  rapidly  tu  (»r  from  the  skin,  cyiuses  a  more 
marked  hot  or  cold  stMisutiou  tliiin  touching  a  worse  con- 
d;ictor,  us  a  piece  of  wood,  at  the  same  temperature. 

The  chari>;e  of  temi>erature  in  the  organ  may  be  brought 
nhont  by  cliangcs  in  the  circulatory  apparatus  (more  blood 
flowing  through  the  skin  warm.s  it  and  le!*s  leads  to  its  cool- 
ing), or  by  temperature  changes  in  gases,  litjuids,  or  solids  in 
contact  with  it.  Sometimes  we  fail  to  distinguish  clearly 
whether  the  cause  is  external  or  internal;  a  iK?rson  coming 
in  from  a  h  ludy  walk  oflcn  feels  ii  room  uncomfortably  warm 
wliich  is  not  really  so;  the  exercise  luus  accelerated  liis  circula- 
tion and  tended  to  warm  his  skin,  but  the  moving  outer  air 
\\ix&  rapidly  conducted  off  the  extra  heat;  on  entering  the 
house  the  stationary  air  there  Joes  this  less  quickly,  the 
skin  gets  hot,  aud  the  cause  is  supposed  to  be  oppressive 
heat  of  the  room.  Honee,  frequently,  opening  of  win- 
dows  aud  sitting  in  a  draught,  with  its  concomitaut  lisks; 
whoreaii  keeping  i|iuet  for  live  or  ten  minutes,  until  the 
circulation  had  returned  to  its  normal  rate,  would  attain 
the  same  end  without  danger. 

The  acnteness  of  the  temperature  sense  is  greatest  at 
temperatures  within  a  few  degrees  of  3(^0.  (SG^F.);  at 
these  differences  of  less  than  .1^0.  can  be  discriminated. 
A'^  a  means  of  measuring  absolute  temj)eratures.  however, 
the  skin  is  very  unreliable,  on  account  of  the  changeability 
of  its  sensation  zero.  We  can  localize  temi»erature  sensa- 
tions mucli  as  tactile,  bnt  iuit  Ht  accurately. 

Are  Touch  and  Temperature  Sensations  of  DiiTerent 
ModalityP  Taitile  aud  teiiiporatui'e  feelings  are  ordina- 
rily so  very  different  that  we  can  no  more  compare  them 
than  luminous  an<l  auditory;  and  if  we  accei>t  the  modern 
modified  form  of  the  doctrine  of  specific  nerve  energies 
(p.  191),  in  accordance  with  which  the  same  sensory  fibre 
when  excited  always  arnuses  a  sensation  of  the  same  quality 
because  it  excites  the  same  brain-centre,  it  is  hard  to  con- 
ceive how  the  same  fibre  could  at  one  time  arout-e  a  tactile, 
and  at  another  a  temperature  sensation.  It  has,  however, 
been   maintained    that   touch    and    temj>eraturc   feelings 
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Botnetimes  pass  into  one  another  insenjjibly,  and  tlun 
they  are  really  extreme  variotieB  of  one  kind  of  seasation, 
comparable  to  yellow  and  blue  in  the  visual  scries.  If  a 
half  dollar  cooled  to  5°  C.  (41"  F.)  be  placed  on  a  person's 
brow,  and  ihcu  two  (one  on  the  other)  warmed  to  37"  C. 
(08.5°  F.).  he  commonly  thinks  the  weight  in  the  two  cases 
is  equal;  i.e,  the  temperature  difitereuco  leads  to  errors  in 
his  pressure  perceptions,  the  cold  body  seeming  heavier. 
But  this  does  not  itrove  an  essential  identity  in  the  sensa- 
tions; it  is  conceivable,  e.g,j  that  the  cold  half  dollar  pro- 
duces contraction  of  the  cutaneous  tissues^  leading  to  com- 
pression of  the  tactile  end  organs,  which  is  mistaken,  in 
mental  interpretation,  for  a  heavier  external  object.    When 

ligations  are  combined  in  other  cases,  as  rod  and  bluc- 
green  to  produce  white,  or  partial  tones  to  form  a  com- 
pound, we  either  cannot  at  all,  or  only  with  difficulty, 
recognize  the  components;  while  in  this  case  the  person 
feels  both  the  C4>ld  and  pressure  distinctly  when  the  half 
dollar  is  laid  on  him. 

It  has  also  becu  shown  that  in  certain  cases  a  person  mis- 
takes the  contact  of  a  piece  of  raw  cotton  with  a  small  ex- 
posed area  of  his  skin,  for  the  approach  of  a  warm  object; 
and  this  ha-s  been  taken  to  prove  that  touch  and  temperature 
feelings  may  gradate  into  one  another.  However,  the 
feeble  touch  of  the  raw  cotton  might  well  be  less  felt  than  the 
increased  temperature  of  the  skin,  due  to  diminished  radia- 
tion when  it  was  covered  by  this  non-conducting  substance; 
and  the  consUncy  with  which,  in  the  ordinary  circumstances 
of  life,  we  feel  and  discriminate  clearly,  on  the  same  skin 
region  at  the  same  time,  botli  tenipeiaiureand  touch seusi:- 
tions,  is  very  strongly  against  any  transitional  poseage  of  one 
into  the  other. 

In  favor  of  the  view  that  touch  and  temperature  are  sen- 
sations of  distinct  modality,  with  diflfcrent  end  organ:-, 
afferent  nerve-fibres,  and  brain-centres,  are  several  weighty 
facts.  The  regions  of  most  acute  discrimination  for  eacli 
sensation  are  different;  and  cAses  of  disease  are  recorded  id 
whicli  persons  have  been  extremely  sensitive  to  variations 
in  temperature,  while  their  tactile  sensibility  wad  unaltered^ 
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[,  conversely,  cases  in  which  the  patient  could  feel  that 
he  had  been  touched  but  was  unable  to  say  whether  with  a 

hot  or  cold  object. 

The  Muscular  Sense.  In  connection  with  onr  muscles 
we  have  sensations  of  great  importance^  although  they  do 
not  often  become  so  obtrusive  in  consciousness  as  to  arouse 
our  attention  until  we  look  for  them.  Certain  of  these 
feelings  {inugch  senmtiojt a  proper)  arc  due  to  the  excitation 
of  sensory  nerves  ending  within  the  muscles  themselves: 
the  others  (innervation  sen^atiofis)  have  probably  a  central 
origin  and  accompany  the  starting  of  volitional  impulses 
from  brain-cells;  they  are  only  felt  in  connection  with  tlie 
voluntary  skeletal  muscles. 

The  proper  muscle  sensations  only  become  marked  on 
powerful  or  long-continued  musculareffort  (cramp,  fatigne). 
but  a  lower  grade  of  them,  not  distinctly  perceived,  proba- 
bly accompanies  all  muscular  activity. 

The  innervation  feelings  are  of  far  more  consequence. 
They  accompany  the  slightest  movement  of  a  skeletal  mus- 
cle, and  we  derive  from  ihem  means  of  determining  with 
great  accuracy  the  force  and  extent  of  the  cont.niction 
willed.  The  belief  that  their  origin  is  central  mainly  rests 
on  the  fact  that  we  have  sensationSj  not  merely  of  oxecutcil 
but  of  intended  movements.  The  actual  nature  of  the 
movement  performed  is  probably  characterized  by  other 
contemporary  sensations,  a3  from  the  muscle  sense  proper, 
from  pressure  and  folding  of  the  skin,  and  so  on. 

The  innervation  feelings  thus  stand  apart  and  opposed 
to  all  onr  others  as  primary  factors  in  our  mental  life;  they 
represent  tlie  reactive  work  of  the  organism  with  respect 
to  its  environment.  Some  distinguished  physiologists, 
however,  deny  their  existence,  ascribing  them  all  to  a 
peri|)heral  origin,  either  in  sensory  muscle-nerves,  or  in 
skin-nerves  affected  when  a  part  of  the  Body  is  moved. 
As,  however,  we  can  determine  more  accurately  the  differ- 
ence between  two  weights  when  we  lift  them  than  we  can 
when  they  are  merely  laid  on  a  hand  supported  by  a  tablo 
(see  below),  there  are  undoul>tedly  (apart  from  cramp  and 
fatigue)  true  muscular  sensations  distinct  from  tactile;  ami 
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tbat  these,  or  some  of  them,  are  central  in  origin  seems 
proved  by  certain  phenomena  observed  in  disease.  Persons 
suffering  from  paresis,  i.e.  muscular  weakness  not  amount- 
ing to  complete  paralysis,  make  (until  they  hare  learnt  to 
interpret  correctly  their  sensations  under  the  new  condi- 
tions) entirely  wrong  judgments  as  to  the  extent  of  their 
movements;  they  think  they  have  contracted  their  mnsclcs 
much  more  than  is  really  the  case.  If  the  mnscnlar  sense 
depended  on  stimulation  of  sensory  nerves  in  the  mus- 
cles this  error  could  not  arise,  for  the  intensity  of  the  sen- 
sation would  be  determined  by  the  amount  of  contraction 
which  actually  occurred.  Under  the  circumstances,  how- 
ever, a  stronger  volition  than  previously  is  needed  to  cause 
a  movement  of  given  extent  or  power;  and  we  can  readily 
explain  the  mistakes  if  we  suppose  the  sensation  is  of  cen- 
tral origin,  and  determined  in  intensity  by  the  will-power 
exerted. 

We  have  already  seen  how  closely  muscular  sensations 
are  combined  with  visual  in  enabling  us  to  form  judgments 
as  to  the  distiince,  size,  and  movements  of  objects.  They 
are  as  closely  combined  in  ordinary  life  with  tactile  sensa- 
tions; in  the  dark,  when  an  object  is  of  such  size  and  form 
that  it  cannot  be  felt  all  over  by  any  one  region  of  the  skin, 
we  deduce  its  shape  and  extent  by  combining  the  tactile 
feelings  it  gives  rise  to,  with  the  muscular  feelings  accom- 
panying the  movements  of  the  hands  over  it.  Even  when  the 
eyes  are  used  the  sensations  attained  through  them  mainly 
serve  as  short-cuts  which  we  have  learned  by  experience  to 
interpret,  jw  telling  us  what  tactile  and  muscular  feelings  the 
object  seen  would  give  us  if  felt;  and,  in  regard  to  distant 
points,  although  we  have  learnt  to  apply  arbitrarily  selected 
standards  of  neasurement,  it  is  probable  that  distance,  in 
relation  to  perception,  is  primarily  a  judgment  as  to  how 
much  muscular  effort  would  be  needed  to  come  into  con- 
tact with  the  thing  looked  at. 

TVhen  we  wish  to  estimate  accurately  the  weight  of  an 
object  we  always,  when  possible,  lift  it,  and  so  combine  mus- 
cular with  tactile  sensations.  By  this  means  we  can  fonu 
much  better  judgments.  While  with  touch  alone  just  pcrcc; ' 
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'JMj  different  pressures  have  the  ratio  1  :  3,  with  the  mua- 
cnlar  sense  differences  of  ^  can  he  perceived. 

Common  Bensationa.  Under  tltis  name  are  included  the 
sensations  which  we  do  not  mentally  attribute  to  the  prop- 
ertieii  of  extorual  objccbi,  hut  tu  conditions  of  our  own 
Bodies;  of  them  we  may  here  consider  pain,  hunger,  and 
thirst. 

Pain  oriBes  when  fM)werful  mechanical  or  thermal  stimuli 
acton  the  skin,  and  when  a  sensory iiorve-tniuk  (except  the 
optic,  auditory,  or  olfactory)  is  directly  excited.  Most 
commonly  we  derive  the  feeling  through  cutaneous  or  8ub- 
cutauoous  iierves.  and  Iience  it  has  been  Bu])poscd  that  pain 
is  not  a  sensation  of  distinct  mwlulitydue  to  the  excitation 
of  «[»ecial  nerve-fibros,  but  is  dependent  on  excessive  excite- 
ment of  ordinary  tactile  fibres;  and  pressure  or  temperature 
sensations  do  undoubtedly  gradate  into  painful  as  the 
stimuli  increase.  If  this  be  so,  pain  is  a  sort  of  incoordi- 
nate or  **  convulsive"  souantion.  Wo  shall  w»e  in  Chapter 
XXXV.  that,  when  a  sensory  nerve  ia  normally  excited  in 
ade<ni])itatcd  animal,  regular  purpose-like  reflex  movements 
result:  but  if  the  stiniuhis  Ix*  very  powerful,  or  a  nerve- 
rrunk  he  directly  excited,  tlicu  inco-ordinate  convulsions 
occur*  the  afferent  impulses  radiate  farther  in  the  centre 
and  produce  a  new  and  useless  result.  We  may  supiuisc 
somethin^f  similar  to  occur  in  the  cutaneous  nerves  of  an 
animal  still  possessing  sensory  brain-centres,  if  the  stimuli 
acting  on  the  skin  are  such  as  to  excite  the  end  organs  very 
powerfully,  or  the  sensory  lilires  directly  without  the  inter- 
mediation of  end  organs:  that  a  new  sensation  should  be 
thns  aroused^  different  from  tactile  thougli  gnidually  shad- 
ing off  into  them,  is  a  [ihenomcnon  comparable  with  the 
production  of  new  color  sensatione  by  combinations  of  the 
fundamental  ones.  In  such  case,  too,  we  could  understand 
tl»e  difference  of  kinds  of  *'pain**  in  a  more  general  sense 
of  the  word;  muscular  cramp,  dazzling,  and  disagreeably 
shrill  or  inharmoniouHly  combined  tones,  might  all  bo 
looked  upon  as  inco-ordinate  sensations,  each  with  a  charac- 
actcr  of  its  own  determined  by  the  central  apparatus  ex- 
cited. 
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The  matter  cannot,  liowever,  be  at  present  decided.    Th< 
flkin  seems  indubitably  to  contain  many  nerve-fibres  whicl 
terminate  in  free  axis  cylinders  without  end  organs;  an< 
these  may  well  be  true   paiu-fibres,  fitted  to  respond 
stronger  stimuli  than  those  which  excite  the  t-actile  ant 
thermic  end  organs.      Certain  pathological  and  expcH-j 
mental  phenomena  tend  also  to  prove  that  the  brain-centreij 
concerned  in  the  production  of  tactile  and  painful  seu^- 
tions  are  different.     Personts  sometimes  lose  pain  senButioi 
and  ki3e]>  tactile;  a  gentle  touch  Is  felt  as  well  as  usual*  but' 

powerful  pinch  causes  no  pain:  in  one  stage  of  ether  and 
chloroform  narcosis  the  same  thing  ia  observed;  the  sur- 
geon's hand  and  knife  are  felt  where  they  txjuch  the  skin, 
but  cutting  deeper  into  the  tissues  produces  no  pain,      Ii 
animals  a  similar  state  of  things  may  be  produced  by  dmd-j 
ing  the  gray  matter  of  the  cord,  leaving  the  posterior  white] 
columns  intact;  while,  if  the  latter  be  divided  and  the  gray 
substance  left  uninjured,  there  is  mcreased  sensitiveness  toj 
pain,  and  probably  touch  proper  is  lost,  though  that  is  im- 
possible to  say  with  certainty.     Such  experiments  make  it 
pretty  certain  that  when  sensory  afferent  impulses  reach 
the  cord  at  any  level  and  there  enter  its  gray  matter  with 
the  posterior  root-fibres,  they  travel  on  in  different  ti*acks 
to  conscious  centres;  the  tactile  coming  soon  out  of  the 
gray  network  and  coursing  on  in  a  readily  conducting  white  fl 
tibrc,  while  the  painful  first  travel  on  fartlier  in  the  gray  sub- " 
stance.     It  is  still  uncertain  if  both  impulses  reach  the  cord 
in  the  same  fibres.      The  gray  network  conducts  nei-ve  im- 
pulses, but  not  easily;  they  tend  soon  to  bo  blocked  in  it, 
A  feeble  (tactile)  impulse  reaching  it  by  an  afferent  fibre 
might  only  spread  a  short  way  and  then  pass  out   into 
a  single  good  conducting  fibre  in  a  white  column,  and 
proceed  to  the  brain;  while  a  stronger  (painful)  impulse 
would   radiate   farther   in   the   gray  matter,  an<l    perhaps 
break  out  of  it  by  many  fibres  leading  to  the  brain  through 
the  white  columns,  and  so  give  rise  to  an  inco-ordinateand 
ill  localized  sensation.     That  pains  are  badly  localized,  and 
worse  the  more   intense  they  are,  ia  a  well-known  fact, 
which  would  thus  receive  an  explanation  (see  p.  579) 
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Hunger  and  Thirst  These  sensations,  which  regulate 
the  taking  of  food,  ore  peripherally  localized  in  conecioua- 
[oess,  the  former  in  the  stomach  and  the  latter  in  the  throat, 
and  local  conditions  no  doubt  play  a  part  in  their  produc- 
ition;  though  general  sUtes  of  the  Body  are  also  concenied. 
HuDger  in  its  first  stages  is  probably  due  to  a  condition 
[of  the  gastric  mucous  membrane  which  comes  on  when  the 
atomach  has  been  empty  some  time,  and  may  be  temporarily 
•tilled  by  filling  the  organ  with  indigestible  substances. 
But  soon  the  feeling  comes  back  intensified  and  can  only 
be  allayed  by  the  ingestion  of  nutritive  substances;  pro- 
Tided  these  ai*e  absorbed  and  reach  the  blood,  their  mode  of 
entry  is  unessential;  tlie  hunger  may  he  stayed  by  injec- 
tions of  food  into  the  rectum  as  well  as  by  putting  it  into 
the  stomach. 

Similarly,  thirst  may  be  temporarily  relieved  by  moisten- 
ing the  throat  without  swallowing,  but  then  soon  returns; 
while  it  may  be  permanently  relieved  by  water  injections 
into  the  veins,  without  wetting  the  throat  at  all. 

While  both  sensations  thus  depend  in  part  on  local 
peripheral  conditions  of  afferent  nerves  (pneumogastric 
and  glossopliar}uigeal),  they  may  be  also,  and  more  power- 
fully, excited  by  poverty  of  the  blood  in  foods  and  water; 
this  probably  directly  stimulates  the  hunger  and  thirst 
brain-centres. 

Smell.  The  olfactory  organ  consists  of  the  upper  por- 
tions of  the  two  nasal  cavities,  over  which  the  endings  of 
the  olfactory  nerves  are  spread  and  where  the  mucous 
membnvnc  has  a  l)rowni«h -yellow  color.  This  region 
{reffio  olfactoria)  covers  the  upper  and  lower  turbinate 
bones  {o,  p.  Fig.  89*),  which  are  expansions  of  the  ethmoid 
(p.  75)  on  the  outer  wall  of  the  nostril  chamber,  the  oppo- 
site part  of  the  partition  between  the  nares,  and  the  part  of 
the  roof  of  tlie  nose  {n.  Fig.  89)  separating  it  from  the 
cranial  cavity.  The  epithelium  covering  the  mucous  mem- 
brane contains  two  varieties  of  cells  arranged  in  several 
layers  (2,  Fig.  154).  Some  cells  are  much  like  ordinary 
columnar  epithelium  but  with  long  bninched  processes 
attached  to   their  deeper  ends;   the    others  have  a  large 
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nucleus  surroanded  by  a  little  protoplasm;  a  filender  exter- 
nal process  reaching  to  the  surface:  and  a  tctt  fine  deep 
The  latter  ecU:>  have  been  supposed  to  be  the  proper  o! 
ton'  end  organs,  and  to  be  connected  with  the  fibres  of  the 
olfactory  nerve,  which  enter  the  deeper  strata  of  theepith 
linm  and  thei*e  divide;  but  it  ia  doubtful  whether  botli 
kinds  of  cells  are  not  so  connected. 

Odorous  substances,  th 
stimnli  of  the  olfactory  ap 
ratns,  are  always  gaseous  and 
frequently  act  powerfully 
when  present  in  very  smatt 
amount.  We  cannot,  boW'^ 
ever,  classify  them  by  the  sen- 
sations tliey  arouse,  or  arrange 
them  m  series;  and  smells  ara 
but  minor  sensory  factors  in 
our  mental  life.  We  commonly 
refer  them  to  external  objects 
since  we  find  that  the  sensa- 
tion is  iuien^itied  by  "sniff* 
ing'''  air  powerfully  into  the 
nose,  and  ceases  when  the 
nostrils  are  closed.  Their 
peripheral  localization  is^  how- 
ever, imperfect,  for  we  con- 
found many  smells  with  tastes 
(see  below);  nor  can  we  judge 
well  of  the  direction  of  aa 
odorous  body  througli  the 
olfactory  sensations  which 
arouses. 

nerves  of  common  sensation^ 
such    substances  as   ammouia 
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Taste.  The  organ  of  taste  is  the  mucous  membrane  oa| 
the  dor.fum  of  the  tongue  and  possibly  other  parts  of  thai 
iKtunilarv  of  the  moutli  cavity.  The  nerves  concerned  arsj 
the  glos3o;ih;iryngcttK^,  distributed  over  the  hind  part  of  thai 
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ue,  and  the  lingual  branches  of  Clic  inferior  maxillary 
division  (p.  170)  of  the  trigeminals  on  its  anterior  two 
thirds. 

On  the  tongue  the  nerves  run  to  pui>illrt?;  the  circumval- 
late  (p.  313)  have  the  riclic-st  supply,  and  tm  these  are  cer- 
tain peculiar  end  orgiius  (Fig.  155)  known  as  iasle-buiU, 
which  ai-e  oval  and  imbedded  in  the  epidermis  covering  the 
side  of  the  pa]>illa.  Eucli  cousinttf,  externally,  of  u  number 
of  flat,  fusiform,  nucleated  celU  and.  internally,  of  nix  or 
eight  8o-calle<l  iaaie-velh.  The  latter  are  much  like  the 
olfactory  cells  of  the  nose,  and  are  probably  connected  with 
nerve-fibres  at  their  dee|>cr  ends.  The  capsule  formed  by 
^^  the  enveloping  cells  has  a  small  o[>ening  on  the  surface; 

^Beach  taate-cell  terminates  in  a  very  fine  thread  which  pro- 
^Htrudes  there.  Taifte-buds  are  also  found  on  some  of  the 
^^  fungiform  pupillje,  and  it  is  jtoseible  that  simpler  struc- 
^^  lures,  not  yet  recogiii:ied,  consisting  of  single  taste-cells 
^H  are  widely  spread  on  the  tongue,  since  the  sense  of  taste 
^^  exists  where  no  tiiste-buds  can  he  found.  The  filiform 
papilla;  are  |U'ubably  tactile. 

In  order  that  substauci'S  bo  tasted  they  luu^t   be  in  solu- 
^_  tion:  wipe  the  tongue  dry  and  ]nit  a  crystal  of  sugar  on  it; 
^B  DO  taetc  will  be  felt  until  exuding  moisture  hujj  dissolved 
^^  some  of  the  crystal.     Taster  proper  may  bo  divided  into 
sweet,  bitter,  acid,  and  saline.    Intellectually  they  are,  like 
smells,  of  small  value;  the  perceptions  we  attain   through 
them  as  to  qualities  of  external  objects  being  of  little  use, 
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except  as  aiding  in  the  selection  of  food,  and  for  that  pur- 
pose they  are  not  by  any  means  safe  gaides  at  all  times. 

Many  so-called  tastes  (flaTors)  are  really  smells;  odorif- 
erous particles  of  snbstanoes  which  are  being  eaten  reach  the 
olfactory  region  through  the  posterior  nares  and  arouse  sen- 
sations which,  since  they  accompany  the  presence  of  objects 
in  the  mouth,  we  take  for  tastes.  Such  is  the  case,  e.g., 
with  most  spices;  when  the  nasal  chambers  are  blocked  or 
inflamed  by  a  cold  in  the  head,  or  closed  by  compressing 
the  nose,  the  so-called  taste  of  spices  is  not  perceiTed  when 
they  are  eaten;  all  that  is  felt,  when  cinnamon,  e.g.,  is 
chewed  under  such  circumstances  is  a  certain  pungency  due 
to  its  stimulating  nerves  of  common  sensation  in  the  tongue. 
This  fact  is  sometimes  taken  advantage  of  in  the  practice 
of  domestic  medicine  when  a  nauseous  dose,  as  rhubarb,  is 
to  be  given  to  a  child.  Tactile  sensations  play  also  a  part 
in  many  so-called  tastes. 

Most  persons  taste  bitters  best  with  the  back  of  the 
tongue  and  sweets  towards  the  tip;  but  this  is  not  constant 
The  curious  interference  of  tastes  which  takes  place  when 
the  acidity  of  a  sour  body  is  covered  by  adding  a  sweet  one, 
which  does  not  in  any  way  chemically  neutralize  the  acid 
(when  sugar  is  put  on  a  lemon  for  example),  needs  explana- 
tion. 
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CHAPTER  XXXV. 

UE  FUNCTIONS  OF  THK  BRAIN  AND 
SPINAL   CORD. 


The  Special  Physiology  of  ITerve-Centpea.     We  have 

already  studied  the  general  j>hy;iiologicul  propcrtiea  of 
nerves  and  nerve-centres  (Chap.  XIII.)  and  found  that 
while  the  former  are  mere  tniusmitters  of  nervous  impulses, 
the  latter  do  much  more.  In  some  eases  the  centres  are  auto- 
matte;  they  originate  nerve  Impulses,  as  illustrated  by  the 
beat  of  the  heart  under  the  inHncncc  of  its  ganglia.  In 
other  cases  a  feeble  impulse  reaching  the  centre  givea  rise 
to  a  great  discharge  of  energy  from  it  (as  when  an  unex- 
pected noise  produces  a  violent  start,  due  to  many  impulses 
sent  out  from  the  excited  centre  to  numerous  muscles),  so 
that  certain  centres  are  irritable;  they  contain  a  store  of 
cnergy-liberatmg  material  which  only  needs  a  slight  dis- 
turbance to  up«etiLse<iuilibrium  and  produce  many  efferent 
impulses  as  the  result  of  one  afferent.  Further,  the  im- 
pulses thus  liberated  are  often  co-ordinated.  When  mucus 
in  the  windpipe  tickles  the  throat  and  excites  afferent  nerve 
impulses,  these,  reaching  a  centre,  cause  discharges  along 
many  efferent  fibres,  so  combined  in  sequence  and  power 
as  to  produce,  not  a  mere  aimless  spasm,  but  a  cough 
which  clears  the  passage.  In  still  other  eases  the  excita- 
tion of  centres,  with  or  without  at  the  same  time  some  of 
the  above  phenomena,  is  associated  with  sejisat io7is  or  other 
states  of  coHJtcioujiness,  We  have  now  to  study  which  of 
these  powers  are  manifested  by  different  parts  of  the  cen- 
tral cerebro-spinal  nervous  system,  and  under  what  circum- 
stances and  in  what  degree:  what  is  known  of  the  general 
functions  of  the  sympathetic  and  sporadic  ganglia  has  al- 
ready been  stated  (p.  183). 
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The  Spinal  Cord  as  a  Centre.  The  spinal  cord,  forming 
(escejit  the  sieudt^r  svnijtaihelic)  tlR*  (nily  direct  wimmuni- 
cation  between  the  brain  and  m(»st  of  the  nerves  of  the  Bi»dj, 
was  considered  by  the  older  physiologists  f^  merely  a  huge 
nerve-trnnk,  into  which  the  vai'ious  spinal  nerves  were 
collecU^d  on  their  way  to  tho  cnce|dialoti.  It  does,  it  is 
true,  contain  the  paths  for  the  conduction  of  all  those  im- 
pulses whicli.  originating  in  the  cerebrum,  give  rise  to 
Toluntary  movements  of  the  trunk  and  limbs;  also  for  all 
tho  centrally  traveling  impulses  which  give  rise  to  sensa- 
tions aiicril>ed  to  those  part?;  and  it  is  also  tbe  path  for  cer- 
tain impulses  giving  rise  to  involuntary  movements  as,  for 
example,  those  which,  originating  In  tho  respiratory  centre, 
travel  to  the  phrenic  aud  interc(»stal  nerves. 

If,  however,  the  coi*d  were  merely  collected  and  con- 
tiuue<l  nerve-roots  it  ought  to  increase  considerably  in  bulk 
as  it  approached  tlie  skull,  and  this  it  docs  not  do  in  anv- 
tbing  like  the  required  ]>roportiou;  a  histological  examina- 
tion, too,  shows  that  few,  if  any,  of  the  entering  fibres  pro- 
ceed directly  to  tho  brain;  they  pass  to  the  central  core  of 
gniy  substjince,  containing  nerve-cells  and  different  trom 
anything  in  a  true  nerve-trunk.  In  the  gray  core  some 
fibres  (anterior  roots)  end  in  cells  of  tbe  anterior  horns,  and 
others  (posterior  roots)  in  that  tii:e  network  which  pen-adcs 
the  whole  gray  substance  (p.  179);  the  nerve-cells  by  their 
branches  are  also  in  continuity  with  this  network  and  so, 
ultimately,  with  all  tho  nerve-tlbros  entering  the  cord. 
From  tbe  network  fibres  arise  at  different  levels,  and  pas4 
out  into  the  white  columns;  some  i>lace  two  regions  of  the 
gray  matter  in  intimate  connection,  while  others  go  on 
to  the  brain.  In  order  to  understand  jihysiological  fact« 
we  must  aj^sume,  first,  that  a  nervKUS  impulse  entering  tbe 
gray  network  at  any  point  may,  under  certain  conditions, 
travel  all  through  it,  and  give  rise  to  efferent  impulses 
emerging  at  any  level;  and,  on  the  other  hand,  that  there 
are  certain  lines  or  paths  of  ea.siest  propagation  betw^ecn 
different  points  in  this  network,  which  the  impulses  keep 
to  under  ordinary  conditions. 

Eoflex  Actions.     When  a  frog  is  decapitated  it  lies  down 
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6qii.it  on  itd  belly  instciul  of  assuming  the  more  erect  posi- 
tion of  the  uninjurcil  animal;  its  respiratory  movements 
ceaee  (their  ceutro  being  rcmov'ed  with  the  nieduUu);  the 
liiiid  lega  at  first  remain  sjirawled  out  in  any  ponitiou  into 
which  they  may  happen  to  fall,  but  after  u  time  are  drawn  up 
into  their  usual  position,  with  tlie  hip  and  knoe  joints  flexed ; 
having  mode  this  movement  tlio  animal,  if  protected  from 
external  stimuli,  niake.s  no  otlier  by  its  tikeletjil  museles;  it 
has  lost  all  fijKintaneity,  and  only  stirs  under  the  iniluenco 
of  immediate  exeitation.  Nevertheless  the  heart  goes  on 
beating  for  hours;  the  muscles  and  nerves,  when  examined, 
are  found  to  still  have  all  their  ti.-*ual  iiliysiological  proper- 
ties; and,  by  suitable  irritation,  tltf  animal  can  be  made  to 
execute  a  great  variety  of  complex  movements.  But  it 
is  no  longer  a  creature  with  a  will,  doing  things  which  we 
cannot  predict ;  it  is  an  instrument  which  can  be  played 
upon,  giving  different  responses  to  different  stimuli  (as  dif- 
ferent notes  are  produced  when  different  keys  of  a  piano  are 
stmck),  and  always  the  same  reaction  to  the  siime  etinuilus; 
8o4hat  we  can  say  bt'forehand  what  will  happen  when  we 
touch  it.  Such  actions  are  culled  rvjhx  or  exnto-mofor  and 
fall  into  two  groups;  (1)  orderly  or  purpose-like  reflexes, 
which  are  correlated  to  the  stimnlusand  are  often  defensive, 
tending,  for  instance,  to  remove  an  irritated  part  from  the 
irritating  object;  ('2)  lUsordcrltf  or  convuhive  reflexes^  not 
tendingto  protluceanydelinite  result,  and  affecting  either  a 
limited  region  or  all  the  muscles  of  the  body. 

In  higher  animals  similar  phenomena  may  be  observed. 
If  arahhit'fl  spinal  eord  be  divided  at  the  bottom  of  the  neck 
the  animal  is  at  first  thrown  into  a  flaccid  limp  condition 
like  the  frog,  hut  it  soon  recovers.  Voluntary  movements 
in  musclca  supplied  from  the  spinal  cord  beliind  the  section 
are  never  seen  again;  but  on  pinching  tlie  hind  foot  it  is 
forcibly  withdrawn.  Men,  whose  ppinal  cord  has  been 
divided  by  stabs  or  disease.below  the  level  of  the  fff  th  cervioal 
spinal  roots  (above  which  the  fibres  of  the  phrenic  nerve, 
which  arc  nec4?ssary  for  breathing.  pa«s  out),  sometimes  live 
for  a  time,  but  can  no. longer  move  their  legs  by  any 
effort  of  the  will,,  nor  do  they  feel  .touches,  jjinches,  orh9t 
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things  applied  to  them;  if,  howeTcr,  the  soles  of  the  feci 
be  tickled  the  legs  are  thrown  into  Tigorons  moTement 
As  a  rule,  however,  orderly  reflexes  are  less  marked  and 
less  nnmerons  in  the  higher  animals;  in  them  the  orgaDisa- 
tion  is  less  machine-like,  the  spinal  cord  being  more  the 
servant  of  the  larger  brain,  and  less  capable  of  working 
without  directions.  Snch  animals,  when  intact,  can  to  a 
greater  extent  control  the  mnscnlar  responses  which  shall 
be  made  to  stimuli  under  various  conditions;  they  have  less 
automatic  protection  in  the  ordinary  risks  of  life,  but  a 
greater  range  of  possible  protection.  The  human  spinal 
cord,  controlled  by  the  brain,  can  adapt  the  reactions  of  the 
Body,  with  great  nicety,  to  a  vast  variety  of  conditions;  the 
frog's  cord  by  itself  does  this  for  a  smaller  number  of  possi- 
ble emergencies  without  troubling  at  all  such  brain  as  the 
animal  has,  but  is  less  completely  under  the  control  of  the 
higher  centres  for  adaptation  to  other  conditions.  The 
difference  being,  however,  but  one  of  degree  and  not  of 
kind,  it  is  best  to  approach  the  study  of  the  reflex  actions 
of  the  human  spinal  cord  through  an  examination  of  those 
exhibited  by  the  frog. 

The  Orderly  Beflex  Movementa  of  a  Deoapitated  Frog. 
For  the  occurrence  of  these  the  following  parts  must  be  in- 
tact; (a)  the  end  organs  of  sensory  nerve-fibres;  {h)  afferent 
fibres  from  these  to  the  cord;  {c)  efferent  fibres  from  the 
cord  to  the  muscles;  {d)  the  part  of  tho  spinal  cord  between 
the  afferent  and  efferent  fibres;  {e)  the  muscles  concerned 
in  the  movement.  If  the  decapitated  animal  be  suspended 
vertically  after  the  shock  of  the  operation  is  over,  it  makes 
a  few  attempts  to  hold  its  hind  legs  in  their  usual  flexed 
position;  these  soon  cease,  the  legs  hang  down,  and  the 
creature  comes  to  rest  If  one  flank  be  now  gently  scratched 
with  the  point  of  a  pencil  a  reflex  movement  occurs, 
limited  to  the  muscles  of  that  region;  they  twitch,  some- 
what as  a  horse's  neck  when  tickled  by  flies.  If  a  pinch  be 
given  at  the  same  spot,  more  muscles  on  the^  same  side 
come  into  play;  a  harder  pinch  causes  also  tho  hind  leg  of 
that  side  to  be  raised  to  push  away  the  offending  object; 
viotont  fto4  pro]oage4  irritation  causes  all  tbomuocles 
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of  the  body  to  contract,  and  the  animal  iaconvulscd.  Hero 
then  we  see  that  a  feeble  stimulation  canses  a  limited  and 
purpose-like  response;  stronger  eansc.s  a  wider  radiation  of 
efferent  impulses  from  the  cord  and  thccontrat^tion  of  more 
muscles,  but  still  the  movements  are  co-ordinate<l  to  an 
end;  while  abnormally  powerful  stimulation  of  the  sensory 
nerves  throws  all  the  motor  fibres  arising  from  the  cord  into 
activity,  and  calls  forth  inco-ordinate  spasmodic  action. 
The  orderly  movements  are  very  uniform  for  a  given  stimu- 
lation;  if  the  anal  region  be  pinched,  both  hind  legs  are 
raised  to  push  away  the  forceps;  if  a  tiny  bit  of  bibulous 
I>ajjer  moistened  with  dilute  vinegar  be  put  on  the  thigh, 
the  lower  part  of  that  leg  is  raised  to  wipe  it  off;  if  on  the 
middle  of  the  back  near  the  head,  both  feet  are  wiped  over 
the  spot;  if  on  one  flank,  the  log  and  foot  of  that  side  arc 
used,  and  so  on;  in  fact,  by  careful  working,  the  frog's  skin 
can  be  mapped  into  many  regions,  the  application  of  acidu- 
lated water  to  each  causing  one  particular  movement, 
due  to  the  co-ordinated  contractions  of  muscles  in  different 
combinations,  and  never,  under  ordinary  circumstances, 
any  hut  that  one  movement.  The  above  purpose-like 
reflex  movements  may  all  be  characterized  as  defensive, 
but  all  orderly  reflexes  nrc  not  so.  For  example,  in  the 
breeding  season  the  male  frog  clasps  the  female  for  eevend 
davs  with  his  fore  limbs.  If  a  male  at  this  season  be 
decapitated  and  left  to  recover  from  the  shock,  it  will  be 
fonnd  that  gently  rubbing  his  sternal  region  with  theflnger 

uses  him  to  clasp  it  vigorously. 

Disorderly  Reflexes  or  Beflex  Convulsions.  These 
come  on  when  an  afferent  nerve-trunk  is  stimulated  instead 
of  the  tactile  end  organs  in  the  skin;  or  when  the  skin  is 
very  powerfnlly  excited;  or.  with  feeble  stimuli,  in  certain 
diseased  states  (pathologxcal  fefanujt),  and  under  the  in- 
fluence of  certain  |>oisou9.  especially  strychnine.  If  a  frog 
ora  warm-blooded  animal  be^ivRn  a  dose  of  the  latter  drug, 
a  stimulus,  such  aa  normjdly  would  excite  only  limited 
orderly  reflexes,  will  excite  the  whole  cord,  and  lead  to 
discharges  along  all  the  efferent  fibres  so  that  general  con- 
TubioiM  result,    It  has  been  clearly  proxcd  that,  in  such 
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cases,  dot  the  skin,  or  aifcrent  or  efferent  ncrrcs,  or  the 

muscles,  but  the  Bpinal  cord  itself  is  affected  by  the  poison 
(at  ]ea,st  primarily),  unle^ss  unnece&Hanly  liirgc  doses  have 
been  given. 

The  Least-Becdfltanoe  HypotheeiB.  In  orticr  to  com- 
preliend  reflex  ucts  we  must  assnnie  a  manifold  union  of 
ficnftory  with  efferent  nerve-tibres;  thi»  is  anatoinicaUy 
afforded  by  the  minute  plexus  of  the  gray  network,  which 
is  continuous  through  the  whole  cord,  and  in  m  hich  tite  tibra 
of  the  anterior  and  posterior  nerve-roots  directly  or  indirect- 
ly end.  The  continuity  of  this  network  sorves  to  explain 
gencnd  reflex  conv^ulsions,  and  the  gpreod  of  an  afferent 
impulse,  or  it«  results,  tlirough  the  whole  cord,  with  the 
consequent  emission  of  efferent  impulses  through  manr  or 
all  the  anterior  roots;  but,  on  the  other  hand,  it  renders  it 
diificnlt  to  understand  limited  and  orderly  reflexes,  in 
which  only  a  few  efferent  fibres  are  stimulated.  To  explain 
them  wo  have  to  assnmo  a  great  resistance  to  conduction  in 
the  gray  network,  so  that  a  nerve  impulse  entering  it  \b 
soon  blocked  and  transmuted  into  some  other  form  of 
energy;  hence  it  only  reaches  efferent  fibres  originating  near 
the  point  at  which  it  enters,  or  iibrea  pla«>d  in  8|»cciallY 
easy  communication  M'ith  that.  Wben  the  frog'e  flank  ia 
tickled,  only  muscles  innervated  from  anterior  roots  on  the 
same  side  of  the  body,  and  springing  from  the  same  level 
of  the  cord,  are  made  to  contract;  when  the  g^timulu?  is 
more  powerful  tlio stronger  afferent  inipulse  radiates  fiirthor, 
but  mainly  in  directions  determined  by  lines  of  conduc- 
tivity in  the  cord;  e.g.,  to  the  origin  of  t be  efferent  fibres 
which  cause  lifting  of  the  hind  leg  to  the  irritated  8jH>t. 
Those  paths  of  c-asie.st  conduction,  or  of  least  resistance,  in 
some  cases  lie  in  the  gray  matter  itself,  in  others  in  intn- 
central  or  commissural  fibres  of  tlie  highly  condnctive 
meduUated  kind,  which,  parsing  out  of  the  gray  suhstaneo 
at  one  level,  run  in  the  white  columns  to  it  at  anollifr, 
whero  the  efferent  fibres  of  the  muscles  called  into  plaj 
originate.  A  still  stronger  afferent  impulse  radiates  wider 
still,  and,  liberating  energy  from  all  the  nerve-cells  in  the 
r  ter,  produces  a  useless  genera]  convulsion.    Under 


i^M 


COyDVCTlON  /JV  THE  CORD. 


579 


I 


the  inflnence  of  Btrychnine  and  in  pathological  tetanns  (as 
observed,  for  example,  in  hydrophobia)  the  condurtivity  of 
the  whole  gray  matter  is  go  increa^od  that  all  paths 
through  it  arc  easy,  and  so  a  feeble  afferent  impulse  spreads 
in  all  directions. 

To  account  for  the  phenomena  of  localized  skin  sensa- 
tions (p.  5ofl)  and  of  limited  voluntary  movements  wc  must 
muko  a  similar  hypotheslH.  If  the  nervous  impulses  enter- 
ing the  gray  network  when  the  tip  of  a  (inger  la  touched 
spread  all  througli  it  irrojndarly,  we  could  not  tell  what 
region  of  the  skin  hiwl  boon  stimulated,  for  the  central 
results  of  stimulating  the  most  varied  peripheral  parts 
would  be  the  same.  From  each  region  of  tlie  gray  network 
of  the  cord  where  a  sensory  skin-nerve  enters  there  must, 
therefore,  be  a  special  path  of  conduction  to  a  given  brain- 
region,  producing  results  which  differ  recognizably  in  con- 
sciousness from  those  following  the  stimulation  of  a  differ* 
ent  skin  region.  The  acutencsa  of  the  localizing  power  will 
largely  dei»cnd  on  the  definitcncsa  of  the  path  of  least  resis- 
tance in  the  gi'ny  matter,  since  while  traveling  in  a  mednl- 
lated  nerve-fibre  from  the  skin  to  the  cord,  or  (in  the 
white  columns)  from  the  gray  matter  of  the  latter  to  the 
brain,  the  nervous  impulse  is  confined  to  a  definite  track. 
Hence  anything  tending  to  let  the  afferent  impulse  radiate 
■when  it  enters  the  cord  will  diminish  the  accuracy  with 
wljich  its  |>eriphei*al  origin  can  be  located.  This  we  see  in 
violent  ]»ain8;  a  whitlow  on  the  linger  affects  only  a  few 
nerve-fibres,  but  gives  rise  to  so  powerful  nerve  impulses 
that  when  they  reach  thecord  they  spread  widelyand,  break- 
ing out  of  the  usual  track  of  propagation  to  the  brain,  give 
ri5e  to  ill-locali/cd  feelings  of  pain  often  referred  all  the 
way  up  the  arm  to  tbc  elbow.  So  the  pain  from  one  diseased 
tooth  is  often  felt  along  half  a  dozen,  or  all  over  one  aide 
of  the  head.  Such  cases  are  comparable  to  the  transforma- 
tion of  an  orderly  reflex  into  a  general  con>'ulaion  when  the 
stimulus  increases. 

As  an  animal  shows  no  spontaneous  moTements  when  its 
cerebral  hemispheres  are  removed,  we  comcludo  that  the 
nerve  impulses  giving  rise  to  such  movements  start  in  thrjse 


680  THE  HUMAN  BODY. 

parts  of  the  brain.  Thence  they  trarel  down  the  white 
colnmnB  of  the  cord  to  its  gray  matter,  which  they  enter  at 
different  levels,  each  in  the  neighborhood  of  a  centre  for 
producing  a  given  movement  If  they  there  radiated  far 
and  wide  no  definite  movement  could  result,  for  all  the 
muscles  supplied  from  the  cord  would  be  made  to  contract, 
and  not  merely  those  necessary  to  bend  the  index  finger, 
for  example.  We  must  here  again,  therefore,  assume  a  path 
of  least  resistance  for  the  propagation  of  nerve  impulses  from 
a  given  fibre  coming  down  from  the  brain,  to  the  efferent 
fibres  going  to  a  certain  muscle  or  group  of  muscles.  The 
path  between  the  two  is  almost  certainly  not  direct;  a 
co-ordinating  spinal  centre  intervenes,  and  all  that  the 
brain  has  to  do  is  to  excite  this  centre,  which  then  secures 
the  proper  musctdar  co-ordination.  If  the  hand  bo  laid  fiat 
on  the  table  and  its  palm  be  rolled  over,  many  muscles,  in- 
cluding thousands  of  muscular  fibres,  have  to  contract  in 
definite  order  and  sequence.  Persons  who  have  not  studied 
anatomy  and  who  are  quite  ignorant  of  the  muscles  to  be 
used  can  perform  the  movement  perfectly;  and  even  a 
skilled  anatomist  and  physiologist,  if  he  knew  them  all 
and  their  actions,  could  not  by  conscious  effort  combine 
tliem  so  well  as  the  cord  does  without  such  direct  interfer- 
ence. We  have  then  to  look  on  the  cord  as  containing  a 
host  of  co-ordinating  centres  for  different  muscles.  These 
centres  are  put  in  nervous  connection,  on  the  one  hand, 
with  certain  regions  of  the  skin,  and,  on  the  other,  with 
regions  of  the  brain,  and  may  be  excited  from  either;  in 
the  former  case  the  movement  is  called  reflex;  in  the  latter 
it  may  be  reflex,  or  may  be  accompanied  by  a  feeling  of 
*'  will "  and  is  then  called  voluntary.  The  more  accurately 
the  required  centre,  and  no  other,  is  excited,  the  more 
definite  and  precise  the  movement. 

The  Education  of  the  Cord-  Much  of  what  is  called 
educating  our  touch  or  our  muscles  is  really  education  of 
the  spinal  cord.  A  person  who  begins  to  play  the  piano 
finds  at  first  much  difficulty  in  moving  his  &iger8  inde- 
pendently; the  nervous  impulses  from  the  brain  to  the  cord 
jwUftte  from  the  spinal  centres  of  the  masde  which  it  is 


TBE  ISniBITloy  OF  REFLBX  ACT  JONS. 


561 


ilcfiired  to  move,  to  others.  But  vi\i\\  practice  tlic  indepen- 
dent movements  become  easy.  So,  too,  thelocalizing  power 
of  the  skin  can  be  greatly  inereased  by  exeiviee  (p.  56t>)  as 
one  sees  in  bhnd  persons,  who  often  can  distinguish  two 
stimuli  on  parts  of  the  skin  which  are  so  ne^r  together  aa  to 
give  only  one  sensation  to  otiier  |»e<)ple.  Such  pljenomena 
depend  on  the  fact  that  the  more  often  a  nervous  iitipnlschas 
traveled  along  a  given  road  in  the  gray  matter,  tlic  easier 
does  its  path  become,  and  the  less  docs  it  tend  to  wander 
from  it  into  others.  We  may  compare  the  gray  matter  to  a 
thicket;  persons  seeking  to  beat  a  road  throngli  from  one 
point  to  another  would  keep  tlie  same  general  direction, 
determined  by  the  larger  obstacles  in  the  way,  but  all  would 
diverge  more  or  less  from  the  straight  path  on  account  of 
undergrowth,  tree  trunks,  etc.,  and  would  meet  with  consid- 
erable difficulty  in  their  progress.  After  some  hundreds  had 
passed,  however,  a  tolerably  beaten  track  would  be  marked 
out,  along  which  travel  was  easy  and  all  after-comers  would 
take  it  If  instead  of  one  entry  and  one  exit  wc  imagine 
thousands  of  each,  and  that  the  paths  between  certain  have 
been  often  traveled,  others  less,  and  some  hardly  at  all,  we 
get  a  pretty  good  mental  picture  of  what  Iia]>i>en8  in  the 
passage  of  nervous  impulf^es  through  the  gray  matter  of  the 
cord;  the  clearing  of  the  more  trodden  i)ath8  answering  to 
the  cfTectfi  of  use  and  practice.  The  human  cord  and  that 
of  the  frog  must  not,  however,  be  looked  upon  as  pathless 
thickets  at  the  commencement;  each  individual  inherits 
certain  paths  of  least  resistance  determined  by  the  structure 
of  the  cord,  which  is  the  transmitted  material  result  of  the 
life  experience  of  a  long  line  of  ancestry. 

The  Inhibition  of  Reflexes.  Since  it  is  possible,  as  by 
strychnine,  to  diminish  the  resistance  in  the  gray  matter,  it 
IS  conceivably  also  possible  to  increase  it.  and  diminish  or  pre- 
vent reflexes.  Such  is  found  to  l>e  nctuully  the  case.  Wc  can 
to  a  great  extent  control  reflexes  by  the  will;  for  cxam]dc, 
the  jerking  of  the  muscles  which  tends  to  follow  tickling: 
anditisfound  that  of  ter  a  frog's  brain  is  removed  it  is  much 
easier  to  get  reflex  actions  out  of  the  spmal  cord.  Gortaiu 
drugsy  06  bromide  of  pot^iesium;  also  diminish  reflex  excita* 
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bility.  If  a  frog's  brain  be  removed  and  the  animal's  toe 
be  dipped  into  very  dihue  acid,  it  will  be  remorod  after  a 
few  Bcconds;  the  time  elapsing  between  the  immersion  and 
the  lifting  of  the  foot  is  known  as  the  reflex  time;  any- 
thing diminishing  reflex  excitability  increases  this,  as  the 
stimulus  (which  has  a  cumulative  efifect  on  the  centre)  has 
to  act  longer  before  it  aronses  the  cord  to  the  discharging 
point.  If  the  sciatic  nerve  of  the  other  leg  be  stimulated 
while  the  toe  is  in  the  acid  the  reflex  time  is  increased,  or 
the  reflex  may  fail  entirely  to  appear.  This  is  one  case  of 
a  general  law,  that  any  powerful  stimulation  of  one  sen- 
sory nerve  tends  to  inhibit  orderly  reflexes  due  to  the  ex- 
citation of  another.  A  common  example  is  the  well-known 
trick  of  pressing  on  the  upper  lip  to  prevent  a  sneeze. 
The  whole  question  of  reflex  inhibition  is  at  present  very 
obscure.  It  may  be  due  to  the  excitation  of  special  flbres 
which  inhibit  reflex  centres,  as  pneumogostric  fibres  do  the 
(rardio-motor;  or  to  the  fact  that  one  nerve  impulse  in  the 
cord  in  some  cases  blocks  or  interferes  with  another:  or 
partly  to  both. 

Psychical  ActivitieB  of  the  Cord.  Since  we  can  ^\:t 
quite  marked  reflex  movemontii  in  the  lower  part  of  ilu> 
Body  of  a  man  whose  cord  is  divided  and  who  cannot 
voluntarily  move  his  lower  limbs,  and  on  questioning  him 
find  that  be  feels  nothing  and  is  quite  ignomnt  of  his 
movements  unless  he  sees  his  legs,  it  is  most  j»robuhle  that 
the  spinal  cord  in  all  cases  is  devoid  of  centres  of  conscious- 
ness and  volition:  this  is  not  certain,  however;  for  there 
might  well  be  a  less  division  of  physiological  labor  between 
the  cord  and  brain  of  a  fro;^,  than  between  those  of  a  man. 
Still  we  are  entitled  to  good  evidence  before  we  admit  that 
two  things  so  similar  as  the  human  cord  and  the  frog's  pos- 
sess different  properties.  Co-ordinated  movements  follow- 
inga  given  atimnlns,  or  cries  emitted  by  an  animal,  will  not 
suffice  to  prove  that  it  is  conscious,  since  we  know  those  may 
occur  entirely  unconsciously  in  men,  who  alone  can  tell  tis  of 
their  feelings.  \Vc  must  look  for  something  that  resembitt 
actions  only  done  by  men  consciously.  In  the  frog  it  \am 
been  maintained  that  we  haveevidence  of  such.    If  a  bit  of 
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acidulated  paper  be  put  on  the  thigh  of  a  docupiUitod  frr»fj, 
the  animal  will  bend  itaktiue  and  use  its  leg  to  brush  off  the 
irritant;  alw»iys  using  this  same  leg  if  the  stimulus  be  not 
so  strong  as  to  produce  disorderly  reflexea.  If  now  the 
foot  he  tied  down  so  that  the  frog  cannot  raise  it,  after  a 
few  ineffectual  efforts  it  will  move  the  otlicr  leg,  and  may 
wipe  the  paper  <»ff  with  it.  This  it  has  been  said  shows  a 
true  psychical  activity  in  the  cord;  a  couseious  and  volun- 
tary employment  of  new  procedures  under  unusual  circum- 
stances. But  a  close  observation  of  the  phenomenon  shows 
that  it  will  hardly  bear  this  interpretation;  the  movements 
of  the  other  leg  are  very  irregular  and  inco-ordinate,  and 
much  resemble  reflex  convulsions  stirreil  up  by  the  pro- 
longed action  of  the  acid,  which  goes  on  stimulating  the 
skin  nerves  more  and  more  powerfully.  Even  if  new 
muscles  came,  in  an  orderly  way,  into  play  under  the 
stronger  etimuhip,  riuit  would  not  prove  a  volitional  con- 
scious use  of  them;  we  see  quite  eimilar  phenomena  when 
there  is  nothing  purpose-like  in  the  movement.  Manj 
dogs  reflexly  kick  violently  the  hind  leg  of  the  same 
side  when  one  flank  is  tickled.  If  this  leg  be  held  and 
the  tickling  continued,  very  fre((ueritly  the  opposite  hind 
leg  will  take  on  the  movements,  wliich  it  never  does  in 
ordinary  circitm.stunees.  This  is  quiie  compamble  to  the 
frog's  use  of  its  other  leg  under  the  circumstances  above 
detjeribt'd,  but  here  it  wuulil  be  obviously  absurd  to  talk  of 
a  volitional   source  for  sueli  a  senseless  movement, 

l^ntting  together,  then,  the  testimony  of  persons  with 
injured  si>in!il  cords,  and  the  olwervations  made  on  them 
and  on  aniuials,  we  may  tolorably  safely  conclude  that  the 
cord  contains  no  centres  of  consciousness.  There  are,  how- 
ever, persons  who  maintain  that  in  such  ciises  the  cord  itself 
feels  though  the  individual  docs  not.  whatever  that  may 
mean:  if  the  atatemoiu  is  used  merely  to  imply  that  the 
cord  is  irritable  (just  ils  a  muscle  is)  no  one  denies  it;  hut 
it  is  an  unnecessarily  confuting  method  nf  stating  the  fact. 

The  Cord  as  a  Transmitter  of  Nervous  ImpiUsee.  In 
the  gray  sub-^uincc.  as  we  have  seen,  there  is  reason  to 
believe  that  nervous  impulses  can  pass  in  all  directions. 


584 


THR  HUMAN  BODT. 


though  they  usually  Utke  certain  easicBt  roads.  The  main 
tracks  between  brain  and  cord,  however,  lie  in  the  white 
columns:  nerve-roots  enter  the  gray  mutter,  and  from  each 
region  of  the  latter  medullated  fibres  ai-isc,  pass  out  into  a 
white  column,  and  continue  to  the  brain.  Once  in  these 
fibres  the  impulse  has  to  keep  to  a  definitely  marked  out 
anatomical  path,  which  leads  to  a  brain  centre  or  centres* 
These  paths  he  mainly  in  the  lateral  columns,  the  affe- 
rent (sensory)  impulses  tending,  howerer,  to  spread  inlo 
the  p4)sterior  columns,  and  the  efferent  (volitional)  into 
the  anterior;  thu  main  bulk  of  the  posterior  and  anterior 
columns  seems  to  be  made  up  of  commissural  fibres  join- 
ing different  levels  of  the  cord.  The  sensory  fibres  for  the 
most  part  cross  soon  after  they  enter  the  gray  matter,  and 
proceed  onwards  mainly  on  the  side  oi)pogite  to  that  of  the 
nerve-root  which  conveyed  them  to  the  cord,  while  the  effe- 
rent cross  mainly  in  the  meduUu  before  they  reach  the  cord; 
the  crossing  seems  in  neither  case  complete.  Hemisection 
of  thti  cord,thereforc»,canso8  marked, but  not  absolute, loss  of 
voluntary  movement  in  muscles  of  the  same  side  supplied 
with  nerves  from  a  part  of  the  cord  below  the  level  of  the 
section:  and  a  considerable,  but  not  entire,  loss  of  sensi- 
bility on  the  opposite  side.  Impulses  so  powerful  as  to  lead 
to  feelings  of  pain  travel  mainly  in  the  gray  matter  (p.  568), 
and  they  also  for  the  most  part  cross  the  middle  line  soon 
after  their  entry. 

The  Functions  of  the  Brain  in  General.  The  brain,  at 
least  in  man  and  the  higher  animals,  is  tlie  seat  of  con- 
sciousness and  intelligence;  these  disappear  when  its  blood- 
supply  is  cut  off,  as  in  fainting;  pressure  on  parts  of  it»  as 
by  a  tumor  or  by  an  effusion  of  blood  in  apoplexy,  has  the 
same  result;  inflamniatiou  of  it  causes  delirium;  and  when 
the  cerebral  hpmispheivs  are  unusually  small  idiotcy  is 
observed.  The  brain  has,  however,  many  other  important 
functions;  it  is  the  seat  of  many  reflex,  automatic,  and 
co-ordinating  centres,  which  may  act  »is  entirely  apart  frt»m 
consciousness  as  those  of  the  spinal  cord;  exi^eriment  makeit 
it  probable  that  ])sychical  faculties  are  dependent  on  the 
fore-brain,  while  the  rest  of  the  complex  mass  has  other, 
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non-mental,  duties.  If  the  cerebrul  homispiieres  be  re- 
moved from  a  frog,  the  animal  o\\\  still  perform  every 
movement  aa  well  a«  before;  but  it  no  longer  performs 
any  spontaneously;  it  must  be  uroosed  by  nn  immediately 
acting  stimulus,  and  its  response  to  this  iy  as  invariable 
and  predicable  as  that  of  a  frog  with  its  spinal  cord  only. 
The  movements  which  can  be  educed  are,  liowever,  far 
more  complete;  instead  of  mere  kicks  in  various  directions 
the  animal  can  walk,  leap,  swim,  get  otT  its  back  on  to  its 
feet,  and  so  on.  Similar  results  are  observable  in  pigeons 
whose  fore-braiu  has  been  removed;  mammals  bear  the 
operation  badly,  but  some,  aa  rats,  survive  it  seveml  hours 
and  then  exhibit  like  plienomena.  Tl»e  creatures  can  move, 
but  do  not  unless  directly  stimukted;  all  their  volitional 
spontaneity  is  lost,  and,  apparently,  all  perceptions  also; 
they  start  at  a  loud  noise,  but  do  not  run  away  as  if  they 
conceived  danger;  they  follow  a  light  with  the  eyes,  but  do 
not  attempt  to  escape  a  hand  stretched  forth  to  catch  them; 
they  can  and  do  swallow  food  placed  in  the  mouth,  but 
would  die  of  starvation  if  left  alone  with  jilenty  of  it  about 
them,  the  sight  of  edible  things  seeming  to  arouse  no  idea 
or  conception.  It  may  be  doubted,  perhaps,  whether  the 
animals  have  any  true  sensations;  they  st^irt  at  sounds, 
avoid  opa<|ue  objects  in  their  road,  ai»d  cry  when  pinched; 
but  all  these  may  be  unconscious  reflex  acts:  on  the  whole 
it  seems  more  probable,  however,  that  they  have  sensations 
but  not  perceptions;  they  feel  redness  and  blueness.  hard- 
ness and  softness,  and  so  on;  but  sensations,  as  already 
pointed  out,  tell  in  themselves  nothing;  they  are  but  ?igna 
which  have  to  be  mentally  interpreted  as  indications  of  ex- 
ternal objects:  it  is  this  interpreting  power  which  seems 
deficient  in  the  animal  deprived  of  its  fore  brain. 

Punctiona  of  the  Medulla  Oblongata.  This  contains 
the  paths  of  con<lnction  brtwocn  the  parts  of  the  brain  in 
front  of  it  and  the  spinal  cord.  It  is  also  the  scat  of 
many  im|>ortant  reflex  and  automatic  centres,  especially 
those  governing  the  organs  immediately  concerned  in  the 
maintenance  of  life;  as  the  respiratory,  circulatory,  and 
masticatory.     It  may  therefore  be  called  the  "nerve  cen- 
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tnil  organ  of  tho  nutritive  procesees."  Tlio  plirBiolugiciil 
action  of  most  of  the  medullary  centres  has  alroudy  bton 
described;  the  more  important  art' — 1,  Tlie  rcspiniton- 
centre  (p.  390).  2.  The  cardlo-inhibitory  centre  (p.  :i50): 
(there  U  also  some  reason  to  believe  that  the  centre  ot  the 
nccelerator  heart-fibres  (p.  252)  lies  in  the  medulla).  3. 
The  vaso-motor  centre  (ji.  253).  4.  The  centre  for  the 
dilator  muacle-tibres  of  the  pupil  (p.  486).  a.  The  centre 
for  the  muscles  of  chewing  and  swallowing  (p.  337),  which 
are  commonly  thrown  into  action  rcflexly,  though  thev  mav 
be  made  to  contract  voluntarily.  6.  The  convulsive  centre 
(p.  400),  7.  The  diul)etic  centre  (p.  442).  8.  The  centre 
reflexly  exciting  activity  in  the  salivary  glands,  when  sensory- 
nerves  in  the  mouth  are  stimulated.  9.  Certain  centres 
for  complex  bodily  movements;  an  animal  with  its  medulla 
oblongata  can  execute  much  more  complicated  reflex  act* 
than  one  with  its  spinal  cord  alone. 

Funotions  of  the  Cerebellum,  Pons  Varolii,  and  Kid- 
Brain.  Thfse  I'ont-ain  ]»alhs  of  conduction  between  the 
fore-brain  and  parts  behind,  and  many  important  centres, 
especmlly  tliose  concerned  with  the  maintenance  of  the 
equilibrium  of  the  Body  in  various  postures  and  modes  of 
locomotion.  If,  as  has  been  above  suggested,  an  animal 
without  its  cerebral  hemispheres  has  sensations  which 
remain  untranslated  int^  terms  of  external  things,  these 
sensations  must  have  their  eeat^  in  these  braiu-regiond. 

The  crura  cerebri  (p.  1G4)  are  essentially  paths  of 
conductiDu  beLween  the  cerebral  hemispheres  imd  parts 
behind.  Injury  of  one  produces  partial  loss  of  sensibility 
and  incomplete  mu6(*ular  iHiralysia  on  the  o])]K>8)te  side  of 
the  Body.  The  anterior  pair  of  eminences  of  the  corpora 
quadrigemina  are  concerned  with  sight;  stimuli  reaching 
them  through  the  optic  nerve,  there,  i>robably,  first  cauho 
visual  sensutions.which  it  is  left  to  the  fore-brain  to  interpret. 
If  the  latter  is  removed  from  an  animal  light  brought  in 
front  of  the  eye  still  causes  contraction  of  the  pupil;  direct 
irritation  of  the  eminences  in  question  has  the  same  effect, 
and  destruction  of  one  of  them  causes  blindness  of  theo]>|)o- 
fiite  eye.     The  functions  of  the  posterior  pair  of  eminences 
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of  the  corpora  quadrigemina  in  man  are  oocertain.  The 
cerebellum  ia  the  chief  organ  of  combined  muscular  move- 
ments; it  i8  the  main  seat  of  what  we  may  call  acquired 
reflexes.  Every  one  has  to  learn  to  stand,  walk,  run,  and 
Boon;  at  first  all  are  difficult,  but  after  a  time  become  easy 
and  are  performed  unconsciously.  In  standing  or  walking 
very  many  muBcles  are  concerned,  and  if  the  mind  had  all 
the  time  to  \<vciV  directly  after  them  we  could  do  nothing 
else  at  the  same  time;  we  have  forgotten  how  we  learnt  to 
walk,  but  in  acquiring  a  new  mode  of  progression  in  later 
yeare,  as  skating,  we  find  that  at  first  it  needs  all  our  atten- 
tion, but  when  once  learnt  we  have  only  to  start  the  series  of 
movements  and  they  are  almost  unconsciously  carried  on  for 
us.  At  firat  we  had  to  learn  to  contract  certain  muscle 
groups  when  we  got  particular  sensations,  either  tactile, 
from  the  sole?,  or  mui^cular,  from  the  general  position  of 
the  limbs,  or  visual,  or  others  (equilibrium  sensations,  see 
below)  from  the  semicircular  canals.  But  the  oftencr  a 
given  group  of  sensations  has  been  followed  by  a  given 
muscular  contraction  the  more  close  becomes  the  associ- 
tion  of  the  two;  the  path  of  connection  between  the 
afferent  and  efferent  tibres  becomes  easier  the  more  it  is 
traveled,  and  at  last  the  sensations  arouse  ihe  proper  move- 
ment without  volitional  interference  at  all,  and  while 
hardly  exciting  any  consciousness;  we  can  then  walk  or  skate 
without  thinking  about  it.  The  will,  which  had  at  first  to 
excite  the  pn)i»cr  muscular  nerve-centiX'S  in  accordance 
with  the  felt  directing  sensjitions,  now  has  no  more  tmuble 
in  the  matter;  the  afferent  impulses  stimulute  thu  proper 
motor  centres  in  an  unconscious  and  unheeded  way.  Injury 
or  disease  of  the  cerebellum  produces  grt^it  disturbances 
of  locomotion  and  insetmrity  in  maintaining  various  pos- 
tures. After  a  time  the  animals  (birds,  which  l>ear  the 
operation  best)  can  walk  again,  and  fly,  hnt  they  soon  become 
fatigued,  probably  because  the  movements  require  close 
mental  attention  and  direction  all  the  time. 

SensationH  of  Equilibrium.  The  semicircular  canals 
have  probably  nothing  to  do  with  hearing.  An  old  view  was 
that,  lying  m  three  ptaues  at  right  angles  to  one  another^ 
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they  served  to  distinguish  the  direction  of  sound-waves  rtiu' 
ing  the  ear;  but  as  the  direction  of  oscillation  of  the  tym- 
panic ossicles  is  the  same,  no  matter  what  that  of  the  sousd- 
wuves  entering  the  external  auditory  meatus  may  be,  such  an 
hypothesis  has  no  foundation.  The  cochlea  abundantly 
accounts  for  the  appreciation  of  notes,  and  such  noises  as  art* 
due  to  inharmonically  combined  tones;  while  the  vestibule 
will  sufiice  for  other  noises:  and  it  is  found  that  disease  of  the 
semicircular  canals  does  not  interfere  with  hearing,  but  often 
causes  uncertainty  in  movement  and  feeliugs  of  giddiness. 

Ej^[>criment  shows  tliat  cutting  a  semicircular  canal  ia 
followed  by  violent  moTcment«  of  the  head  in  the  plane  of 
the  canal  divided;  the  animal  staggers^  also,  if  made  to 
walk;  and,  if  a  pigeon  and  thrown  into  the  air.  cannot  fly. 
All  its  muscles  can  contract  as  before,  but  they  are  no 
longer  so  co-ordinated  as  to  enable  the  animal  to  maintain 
or  regain  a  position  of  equilibrium.  It  is  like  a  creature 
suffering  from  giddiness;  and  similar  phenomena  follow, 
in  man.  electrical  stimulation  of  the  regions  of  the  skull  in 
which  the  semicircular  canals  lie. 

Such  facts  suggest  that  the  semicircular  canals  are  organs 
in  which  sensory  afferent  impulses,  assisting  in  the  pre- 
servation of  bodily  equilibrium,  arise.  The  unconscious 
maintenance  of  the  erect  position  depends  on  the  excitation 
of  many  co-ordinating  motor  centres  through  tactile,  mus- 
cular, visual,  and  aurul  sensations;  all  acting  together  in 
normal  combmation  these  enable  us  to  stand  without 
thought;  but  loss  of  any  one,  or  its  abnormal  state,  will 
throw  the  whole  mechanism  out  of  gear.  Persons  who  have 
lost  muscular  or  tactile  seusihiltty  stand  and  walk  with  diffi- 
culty; those  who  have  nystagmus  (jerking  unconscious 
movements  of  the  eyeballs  wUicli  cause  the  visual  field  to 
seem  to  move  in  space)  do  the  same  and  feel  giddy;  and, 
as  we  have  just  seen^  similar  phenomena  follow  injury  of 
the  semicircular  canals. 

How  the  nerves  in  the  latter  are  stimidated  is  not  certain; 
being  filled  with  liquid  the  pressure  of  this  on  any  ampulla 
will  bo  increased  when  the  head  is  bent  so  as  to  place  that 
one  below;   and  this  may  be  the  excitant;  giving  rise  to 


I 
I 

I 
I 


EqUIUBRiVM  SENSATIONS. 


5ft0 


I 
I 


afferent  impulses,  which  change  the  condition  of  the 
co-ordinating  locomotor  centres,  with  every  position  of  the 
head.  Or,  movements  of  the  endolymph  m  relation  to  the 
wall  of  the  canal  may  be  the  stimulus,  the  current  swaying 
the  projecting  hairs  (Fig.  149).*  Place  a  few  small  bits  of 
cork  iu  a  tumbler  of  water,  and  rotate  the  tumbler;  at  tirst 
the  water  does  not  move  with  it;  then  it  begins  to  go  in 
the  same  direction,  but  more  slowly;  and,  finally,  moves  at 
the  same  angular  velocity  as  the  tumbler.  Then  stop  the 
tumbler,  and  the  water  will  go  on  rotating  for  some  time. 
Now  if  the  head  be  turned  in  a  horizontal  plane  similar 
phenomena  will  occur  in  the  endolymph  of  the  horizontal 
canal;  if  it  be  bent  sidewise  in  the  vertical  plane,  in  the 
anterior  vertical  canal;  and  if  nodded,  in  the  posterior  verti- 
cal; the  hairs  moving  with  the  canal  would  meet  the  more 
stationary  w^atev  and  be  pushed  and  so,  possibly,  excite  the 
nerves  at  the  deep  ends  of  the  cell**  which  bear  them,  and  gen- 
erate afferent  impulses  which  will  cause  the  general  nerve- 
centres  of  bodily  equilibration  to  be  differently  acted  upon 
in  each  case.  Under  ordinary  circumstances  the  results  of 
these  impulses  do  not  become  prominent  in  consciousness 
as  sensations;  but  they  sometimes  may.  If  one  spins  round 
for  ft  time,  the  endolymph  takes  up  the  movement  of  the 
canals,  as  the  water  in  the  tumbler  does  that  of  the  glass; 
on  stopping,  the  liquid  still  goes  on  moving  and  stimulates 
the  hairs  which  are  now  stationary;  and  we  feel  giddy, 
from  the  ears  telling  us  we  are  rotiitmg  and  the  eyes  that 
we  are  not;  hence  difficulty  in  standing  erect  or  walking 
straight.  A  common  tnck  illuRtrntoH  this  very  well;  make 
a  person  place  his  forehead  on  ihe  handle  of  an  umbrella, 
the  other  end  of  which  is  on  the  floor,  and  then  walk  three 
or  four  times  round  it,  rise,  and  try  to  go  out  of  a  door; 
he  will  nearly  always  fail,  Ijeing  unable  to  combine  his 
muscles  properly  on  account  of  the  conflicting  afferent 
impulses.  If  a  person,  with  eyes  shut,  be  laid  on  a  hori- 
zontal table  which  is  turned,  he  can  at  first  feel  and  tell  the 
direction  of  the  rotation;  as  it  continues  he  loses  the  feeling, 
and  when  themovementstopafeelsaeif  he  were  being  turned 
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in  the  opposite  direction.  AU  this  beoomes  readilT  intelli- 
gible if  we  Buppose  feelings  to  be  excited  bj  relatire  more- 
ments  of  the  endolymph  and  the  canals  inclodng  it. 

The  Bo-called  "anditory  sacs"  of  many  Mollosks  (see 
Zoology)  are  probably  organs  for  eqnUibration  sensations 
and  com])arable  to  our  semicircnlar  canals. 

Funotiona  of  the  Fore-Brain.  Beyond  the  broad  fact 
that  this  part  of  the  nervous  system  is  essentially  volitional 
and  intellectual  in  function,  we  know  very  little.  It  is 
clearly  not  the  seat  of  the  centres  of  muscular  co-ordination; 
for,  after  its  removal,  an  animal  can  still,  if  properly  stimu- 
lated, execute  perfectly  all  its  usual  movements.  The  true 
motor  centres  lie  farther  back;  those  for  the  less  compli- 
catcil  combinations,  as  bending  a  limb,  in  the  spinal  cord, 
und  those  for  more  complex,  as  standing,  walking,  or 
broaihiug.  in  the  mid-  and  hind-brains:  and  are  not  auto- 
nmtic.  They  may  be  excited  to  activity  either,  reflexly, 
by  afferent  impulses,  traveling  in  from  sensory  regions  and 
jiHS(»ciate(l  or  not  with  consciousness;  or,  directly,  by  im- 
]>ulseK,  jwsoeiated  with  those  states  of  cousciousuess  which 
we  rail  volitions,  ])a88ing  back  from  the  fore-brain.  The 
fore -brain,  also,  frequently  inhibits  movements  which, 
ill  its  absence,  would  be  caused  by  discharges,  reflex  in 
nature,  of  the  lower  centres;  the  will  is  as  often  employed 
in  restraining  as  in  exciting  muscular  contractions.  For 
instance,  after  the  cerebral  hemispheres  have  been  removed 
from  a  frog,  stroking  the  animal  gently  on  its  back  will, 
vxwh  tin»e,  cause  it  to  croak;  the  skin  stimulation  origi- 
nates afferent  impulses  which  excite,  the  **  croaking  centre'' 
to  (lisehargo:  but  if  the  creature  has  its  fore-brain  it  croaks 
or  not  as  it  ])leases;  it  can  then  allow  the  co-ordinating 
mechanism  to  work  freely  under  the  stimulus,  or  check  it; 
and  ii  can  als(».  indciK-ndently  of  any  immediate  stimulus, 
excite  voluntarily  the  same  motor  nerve-centre  and  croak  if  it 
eiioom^s.  We  constantly  meet  with  similar  phenomena  in 
ourselves;  afferent  impulses  are  all  the  time  at  work,  tend- 
ing to  produce  one  action  or  another;  and  a  great  part  of 
our  mental  activity  consists  in  deciding  which  we  shall 
prevent  and  which  we  ?hall  i>ermit.     The  restraint  thus 
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exercised  by  the  foro-hrain  on  the  lower  centres  is  at  least 
as  important  as  its  power  of  exciting  them;  strength  of 
character  depends,  perhaps,  more  on  great  inhibitory  power 
in  the  fore-brain  than  ou  its  initiating  faculty. 

The  intellectual  powers  seem  mainly,  if  not  entirely,  de- 
pendent for  tlieir  necctisary  material  antecedenta  or  con- 
comitants on  tlie  surface  convolutions  of  the  cerebral 
hemispheres;  if  these  alone  be  removed  from  an  animal  \U 
mental  condition  is  much  the  same  as  if  the  whole  fore- 
brain  bo  taken  away.  Some  simple  and  fundamental 
])erceptions  seem,  however,  to  remain,  having,  perhaps, 
their  seats  in  the  deeper  gray  masses  constituting  the 
optic  ihalami  and  corpora  striata  (p.  167);  ii  dog,  from 
which  the  greater  pai't  of  the  cerebral  surfaces  had  been  re- 
moved, after  a  time  learnt  to  walk  about,  apparently  volun- 
tarily, and  to  fiud  and  eat  his  food;  he  even  learnt  not  to 
take  the  food  of  other  dogs  after  he  had  several  times  l>eGu 
severely  bitten  for  so  doing.  But  more  complex  perceptions 
vroro  lost;  before  the  operation,  for  example,  he  was  violently 
terri6ed  by  seeing  a  man  fantastically  dressed;  but  after- 
wards no  such  things  seemed  to  arouse  in  him  so  complex 
A  conception  as  that  of  a  strange  or  dangerous  object 

Although  the  fore-brain  is  the  seat  of  consciousness  it  is 
itself  insensible  to  cutting  or  wounding;  and  was  long 
supposed  tu  be  entirely  inexcitable  by  general  nerve  stimuli. 
It  has,  however,  been  found  that  tolerably  powerful  electri- 
cal currents  applied  to  the  convolutions  produce,  in  many 
cases,  dclinile  movements;  the  nature  of  the  movement 
depending  u]K>n  the  area,  stimulated.  Hence  an  attempt 
has  been  made  to  detect  the  functions  of  different  part<  of 
the  cerebral  hemiisj)here3  by  observing  the  results  of  stimu- 
lating cac-h;  and  provisionally  wo  may,  perhaps,  assume  that 
the  brain-centres,  from  which  volitional  impulses  proceed  to 
the  co-ordinating  centres  for  the  muscle-groups  called  into 
play,  lie  in  the  cerebral  regions  whoso  stimulation  is  followed 
by  the  movement.  The  animals,  however,  so  often  recover 
the  power  of  executing  the  movement  spontaneously  after 
Its  su]>poscd  volitional  centre  has  l»ccn  removed  that  the 
proptir    interprotatiou  of   the  ex|KTimcntul  results  is  still 
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doubtful.  Stimulation  of  mauy  c-erebral  regions  is 
lowed  by  no  results;  and  that  of  others  by  moyements 
power  of  voluutarily  executing  which  is  not,  even  tcmpo-i 
nirily,  lost  wheu  that  brain-part  is  removed;  these  cerebral' 
aroits  have  been  guj)posed  to  bo  concerned  with  mental 
faculties  other  thau  volition,  the  stimulation  exciting  sen- 
Kations,  porcejitions,  or  emotions;  but  this  is  still  very 
doubtfuL  Localized  disease  of  regions  of  the  human  brain 
lias,  so  far,  given  better  results  than  physiologicul  experi- 
ment on  the  lower  animals.  The  power  of  using  words  to 
express  ideas  seems  intimately  connected  with  a  small  are* 
on  the  fore  part  of  the  left  cerebral  hemisphere,  and  to  be  lost 
(producing  the  condition  known  as  aphnaia)  when  that 
part  IS  diseased;  and  many  cases  have  been  recorded  in- 
which  a  wound  of  the  skull  has  been  followed  exactly  by 
loss  of  the  power  of  voluntarily  moving  tliose  muscle  groapfl 
which  (accepting  the  reaulte  of  electrical  stimulation  in 
the  l(»wcr  unimals)  might  bcsujiposed  to  be  uormully  excited, 
through  the  will,  from  the  cerebral  area  injured.  Absence  of 
recovery  uiilea.^  the  brain  injury  is  cured  seeme,  moreover, 
to  be  the  rule  in  man;  while  as  we  have  seen  this  is  not  the 
casern  lower  animals:  this  may.  perhaps,  indicate  a  more 
precise  division  of  physiological  lab*ir  in  Ihe  human  brain; 
which  is  a  priori  probable,  cousideriug  its  great  superiority 
us  a  mentul  ap]>aratus. 

What  the  use  of  two  cerebral  hemispheres  is,  cannot  at 
present  be  said.  Injury  of  one  produces  its  main  effects, 
so  far  as  sensation  and  motion  are  concerned,  on  the  oppo- 
site side  of  the  Body;  but  other  faculties,  as  that  of  using 
speech,  seem  located  on  one  side  only;  and  in  the  brains  of 
the  higher  humiin  races  the  surface  markings  on  the  two 
sides  are  not  perfectly  symmetrical,  which  may  indicate 
pome  difTcrence  in  function.  It  has  been  suggested  that  in 
many  cases  we  only  learn  to  use  one  side  of  the  brain,  and 
Ihat  the  other  is  in  reserve  in  case  of  injury  or  disease;  but 
the  evidence  is  inconclusive:  a  good  deal  may,  however,  f»e 
said  for  the  view  that  a  good  deal  of  brain  in  every  one's 
skull  18  never  used.  It  is  there  untaught  but  ready  to  be 
oducatod. 
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IMPORTAKOB   OF  EXERCISiyO  TOE  BRAIN,     ^^^3 

Movements  which  are  coramonly  executed  together  tend 
to  become  so  assochited  ihat  it  is  difficult  to  perform  one 
alone;  many  persons,  e.g.,  cannot  close  one  eye  and  keep 
the  other  open.  From  frequent  use,  the  paths  of  con- 
ductinu  between  the  co-ordiimting  centres  for  both  groups 
of  muscles  have  become  so  ciusy  that  u  volitional  impulse 
reaching  one  centre  spreads  to  the  other  and  ejccites  both. 
This  a«sociatiun  of  movemetits,  dei>eudcnt  on  the  modifica- 
tion of  brain  structure  by  use,  finds  an  interesting  parallel 
in  the  psychohigicul  phenomenon  known  tnn  ihe  eiMjtorintion. 
of  ideas;  and  all  edacution  is  hirgely  based  on  the  fact  that 
the  more  often  braiu  regions  have  acted  together  the  more 
readily,  until  finally  almost  indissolubly,  do  they  so  act.  If 
we  always  tram  np  the  child  to  associate  feelings  of  disgust 
with  wrong  actions  and  of  approbation  with  right,  when  he 
is  old  he  will  find  it  very  hard  to  do  otherwise:  such  an 
organic  nexus  will  have  been  established  that  the  activity 
of  the  one  set  of  centres  will  Iciid  to  an  excitation  of  that 
which  habit  has  always  asst>eiated  with  it  The  nerve-centres 
are  throughout  emineutly  plastic;  every  thought  leaves  its 
trace  for  good  or  ill;  and  the  moral  truism  that  the  more 
often  we  yield  to  temptation — the  more  often  an  evil  solici- 
tation, sensory  or  otherwise,  has  resulted  in  a  wrong  act — 
the  harder  it  is  to  resist  it,  has  its  parallel  (and  we  can 
hardly  doubt  its  physical  antecedent)  in  the  marking  out  of 
a  path  of  easier  conduction  from  perceptive  to  volitional 
centres  in  the  brain.  The  knowledge  that  every  weak 
yielding  degrades  our  brain  stnieture  and  leaves  its  tniil  in 
that  organ  through  which  man  is  the  '*  paragon  of  animals," 
while  every  re9i.-!tance  makes  less  close  the  bond  between 
the  thought  and  the  act  for  all  future  time,  ought  surely  to 
''*give  us  jmuse:"  on  the  other  hand,  every  right  action 
helps  to  establish  a  ''path  of  least  resistunce,"  and  makes 
its  subse^^uent  performance  easier. 

The  brain,  like  the  muscles,  is  improved  and  etrengthencd 
by  exercise  and  injured  by  overwork  or  idleness;  and  just 
as  a  man  may  specially  develup  one  set  of  muscles  and 
neglect  the  rest  until  they  degenerate,  so  ho  may  do  with 
Lis  brain;  developing  one  set  of  intellectual  faculties  and 
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leaving  the  rest  to  lie  fallow  nutil,  at  last,  he  almost  loses 
the  power  of  using  them  at  all.     The  fierceness  of  the  battle 
of  life  nowadays  especially  tends  to  produce  such  lopsided 
mental  developmentfi;  how  often  does  one  meet  the  business 
man,  so  absorbed  in  money-getting  that  he  has  lost  all 
power  of  appreciating  any  but  the  lower  sensual  pleasures; 
the  intellectual  joys  of  art,  science,  and  literature  have  no 
charm  for  him;  he  is  a  mere  money-making  machine.    One, 
also,  not  unfrequently  meets  the  scientific  man  with  no 
appreciation  of  art  or  literature;  and  literary  men  utterly  in- 
capable of  sympathy  with  science,      A  good  collegiate 
education  in  early  life,  on  a  broad  basis  of  mathematics, 
languages,  and  the  natural  sciences,  is  a  great  security  against 
such  imperfect  mental  growth;  one  danger  in  American 
life  is  the  tendency  to  put  lads  in  a  technical  college,  or  to 
start  them  in  business  before  they  have  attained  any  broad 
general  education.     Another  danger,  no  doubt,  is  the  oppo- 
site one  of  making  the  training  too  broad;  a  man  who  knows 
one  or  two  literatures  fairly  well,  and  who  has  mastered  the 
elements  of  mathematics  and  of  one  of  the  observational  or 
experimental  sciences,  is  likely  to  have  a  better  and  more 
utilizable  brain  than  he  who  has  a  smattering  of  half  a 
dozen  languages  and  a  confused  idea  of  all  the  "ologies.'' 
The  habits  of  mental  slovenliness,  the  illogical  thinking, 
and  the  incapacity  to  know  when  a  thing  reily  is  mastered 
and  understood,  which   one  so  often  finds  as  the  results  of 
such  an  education,  arc  far  worse  than  the  narrowness  apt 
to  follow  the  opposite  error,  which  is  often  associated 
with  the  power  of  accurate  logical  thought.     Those  who 
are  deprived  of  the  advantages  of  a  general  collegiate  educa- 
tion may  now,  more  easily  than  at  any  previous  period, 
cultivate  mental  breadth  by  reading  some  of  the  many 
excellent  general  reviews  and  magazines,  and  the  readable 
but  exact  popular  expositions  now  available  on  nearly  all 
(subjects,  which  arc  such  a  feature  of  our  age.     Associating. 
out  of  working  hours,  with  those  whose  special  pursuits  aie 
different  from  our  own  is  almost  necessary  to  those  who 
would  avoid  such  an  asymmetrical  development  as  almost 
amounts  to  intellectual  deformity. 


CHAPTER  XXXVI. 

VOICE   A\D   SPEECH. 

Voice  consists  of  sounds  produced  by  the  vibrations  of 
two  clikstic  blinds,  the  true  vocal  cordHf  pbiced  in  the  larynx, 
an  upper  modified  portion  of  the  passage  which  leads  from 
the  pharynx  to  the  hmgs.  When  the  vocal  cords  are  i>iit 
in  a  certain  position,  air  driven  past  them  seta  them  in 
periodic  vibration,  and  they  emit  a  musical  note;  tho 
lungs  and  respiratory  naisclcs  are,  therefore,  accessory 
parts  of  the  vocal  apparatus:  the  strength  of  the  blast  pro- 
duced by  them  determines  the  lotidness  of  the  voice.  The 
larynx  itself  is  the  essential  voice-organ:  its  size  primarily 
determines  the  pitch  of  tho  voice,  M'hich  is  lower  the  longer 
the  vocal  cords;  and,  hence,  shrill  in  children,  and  usually 
higher  pitclicd  in  women  than  in  men;  tho  male  larynx  grows 
rapidly  at  commenciug  manhood,  causing  the  change  com- 
monly kiu)wu  ad  the  •■  breaking  of  the  voice."  Every  voice, 
while  iu  general  pitch  is  dependent  on  the  length  of  the 
vocal  cords,  has,  however^  a  certain  range,  within  limits 
which  determine  whether  it  shall  be  soprano,  mezzo-soprano, 
alto,  tenor,  barilone,  or  bjis?;.  This  variety  is  produced  by 
muscles  within  the  larynx  which  alter  the  tension  of  tho 
vocal  cords.  Those  chai^actera  of  voice  which  we  express 
l>y  such  ]>hnvse8  jus  harsh,  sweet,  or  Byiiipathetic.  deiwud 
on  the  structure  of  the  vocal  cords  of  the  individual;  cords 
which  in  vibrating  emit  only  harmonic  partial  tones 
(p.  547)  arc  pleasjint;  while  those  in  which  inharmonic 
partials  are  conspicuous  are  disagreeable. 

The  vocal  cords  alone  would  produce  but  feeble  sounds; 
those  that  they  emit  are  strengthened  by  sympathetic  re- 
sonance of  the  air  in  the  pharynx  and  mouth,  tlie  action  of 
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wliich  may  be  compared  to  that  of  the  soimding-board 
violin.  By  movements  of  throat,  »oft  pakto,  tonguo,  cheeks^ 
and  lips  the  sounds  emitted  from  the  larynx  arc  aUorcd 
or  Hupplemented  in  various  ways,  and  converted  into 
articulHte  language  or  speech. 

The  Iiarynx  lies  in  front  of  the  neck,  beneath  the  hjoid 
boni;  and  above  the  windpipe;  in  many  per8on8  it  is 
prominent,  causing  the  projection  known  ks  **  Adam's 
apple."  It  consists  of  a  framework  of  cartilages,  partlv 
joined  by  true  synovial  joints  and  partly  bound  together 


Fia.  1S4.— The  more  important  cartllA^M  of  the  laryTix  from  behind.  L 
UijTotd;  Cf.lui  nupvrlor,  and  Ci,  iMlafurlor,  horn  of  iherisbtBlde;  ••.  crieoM 
cartltiw«;  t,  aryteuolJ  cartitug«;  Pt>,  tbe  cunwr  to  wbioh  th«>  po«t«rior  ««id  oi 
a  Tocafcord  la  attachcMl ;  Pm .  ciinier  on  which  the  mtuclea  which  appniximalc 
or  Mparate  the  vocal  uurdjt  are  )utKrt«d:  co.  cartila^  of  Baoiortni. 

by  membranes;  muscles  are  added  which  move  the  car- 
tilages with  reference  to  one  another;  and  the  whole  is  lined 
by  a  mncous  mcmhnuie. 

The  cartilages  of  the  lar^Tix  (Fig.  156)  are  nine  iu  number; 
three  single  and  median,  and  three  pairs,  Thebirge^t  {/) 
is  called  the  ihi/roirf,  and  consists  of  two  halves  which  meet 
at  an  angle  in  front,  but  separate  behind  so  as  to  inclose  a 
V-shaped  space,  in  which  most  of  the  remaining  carti 
lie.  The  epiglottis  (not  represented  in  the  figure)  is  fixed 
to  the  top  of  the  thyroid  cartilage  and  overhangs  the  entry 
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from  the  pharynx  to  the  larynx  {e.  Fig.  89);*  it  may  be 
eeeu,  covered  by  mucous  mcnibrauc,  projecting  at  the  base 
of  the  tongue,  if  the  hitter  be  pushed  down  while  the 
mouth  ia  held  open  in  front  of  a  mirror;  imd  is,  similarly 
covered,  represented,  as  seen  from  behind,  at  a  in  Fig.  167. 
The  cricoid,  the  last  of  the  unpaired  cartilages,  is  the  shape 
of  a  signet-ring;  its  broad  pan  (^^.  Fig.  156)  is  on  the  pos- 
terior side  and  lies  at  the  lower  part  of  the  opening  between 
the  halves  of  the  thyroid;  in  front  and  on  the  a'wiea  it  is 
narrow,  and  a  space,  occupied  by  the  crko-tJtt/rotd  mem- 
brane,  intervenes  between  ita  upper  border  and  the  lower 
edge  of  the  thyroid  eartilage.  The  angles  of  the  latter 
are  prodtu-ed  above  and  below  into  projecting  horns 
{Cs  and  Ci,  Fig.  150),  and  the  lower  horn  on  each  side 
forms  a  joint  with  the  cricoid.  The  thyroid  can  be  ro- 
tated on  an  axis,  passing  through  the  joints  on  each  side,  and 
rolled  down  so  that  its  lower  front  edge  shall  come  nearer 
the  cricoid  cartilage,  the  membrane  there  intervening  being 
folded.  The  a ri/it'uoidii  (f,  Fig.  156)  are  the  largest  of  the 
paired  cartilages;  they  are  seat<3d  on  the  upjKjr  edge  of  the 
posterior  wide  portion  of  the  cricoid,  and  form  true  joints 
with  it.  Each  is  pyramidal  with  a  triangular  base,  and  has 
on  its  tip  a  small  nodule  (<.v>.  Fig.  156),  the  cartilage  of 
Santorini.  From  the  tip  of  cacli  arytenoid  cartilage  ihe 
aryieno-epighttidean  fold  of  mucous  membrane  (10,  Fig. 
157)  extends  to  the  epiglottis;  the  cartilage  of  Santorini 
causes  a  projection  (8,  Fig.  157)  in  this;  and  a  little 
farther  on  (9)  is  a  similar  eminence  on  each  side,  caused 
bytheremainiugpair  of  cartilages,  knu^ii  dt&  ih^  rnneif or m, 
or  cartilages  of  Wrisberg, 

The  Vocal  Cords  are  l)and8  of  elnstio  tissue  which  reach 
from  the  inner  angle  (/'r,  Fig.  156)  of  the  base  of  each 
arytenoid  ciirtilage  U)  the  angle  on  the  inside  of  the  thyroid 
where  the  sides  of  the  V  unite;  they  thus  meet  in  front  but 
are  separated  at  their  other  ends.  The  cords  are  not,  how- 
over,  bare  strings,  like  those  of  a  harp,  but  covered  over  with 
the  lining  nuicous  membrane  of  the  larynx,  a  slit,  called 
the  glottis  {c.  Fig.  157),  being  left  between  them.     It  is  the 
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projecting  cnshions  formed  br  tliem  on  encli  side  of  tliis 
filit  whicli  are  set  in  vibratiou  during  phouation.  Abovr 
eacli  vocal  cord  is  a  depres&ion,  the  ventricle  of  the  larynjr, 
{b',  Fig.  157);  this  is  boimded  abore  by  a  somewhat  promi- 


Fio,  137.— The  larynx  Tiewed  fn>ni  lt«  plmn  ngeal  op^nltie.  Tht  bkirk  wall  of 
ttiepbnrynxhaabei'o  divided  and  its  ed^rfii  ( 1 1  >  tum*:^  ojtlde.  J,  body  of  liroid: 
fi,  lUunall.  andS,  lla  fcrral,  hornH:  4.  upper  and  lower  humd  of  tfavrold  earti- 
loce;  6.  mucous  membrane  of  front  of  pIuiryDX.  covering  the  back  uf  the  cricoid 
cartilage;  6.  upper  end  of  gullet;  T,  windpipe,  IvIuk  hi  front  of  tho  (nillel;  & 
cmlnenre  caiDwd  by  cartilage  of  Bantorlm;  it,  pmincmr  i-itu.«4Hl  by  CBi-tilage  ox 
Wrtabfre;  both  lie  in,  11),  the  ar»loio-cj>iy/nffic/<'an /«/rf  of  murotw  nifnibrane, 
lurrountllng  the  opeDiDS  (aditiu  latyngit)  from  pliannx  to  lar^nx.  a.  pn^jMjt- 
ingllp  of  eptglottu:  c.  in^  gloilla,  tnplirie«  IfAiling  friini  the  Iwtvr  point  to  \hr- 
ffifp  rtbratory  edgen  of  the  vm-alconl;*.  6  ,  the  vcntriclph  of  the  laryux:  tbelr 
upper  edges,  marking  Uiem  off  from  the  eminenceu  b,  an;  Uie  falae  rocaj  cortU. 

nout  edge,  the  false  vocal  cord.  Over  most  of  the  interior 
of  the  larynx  its  mncoii-s  incnihranc  is  thick  and  covered  by 
ciliated  epithelium,  and  has  mnuy  mucous  glands  im- 
bedded in  it.  Over  the  vocal  cords.,  however,  it  i&  repr^ 
sented  only  by  a  thin  layer  of  flat  non-ciliated  cells,  and 
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contains  no  glands.  In  quiet  breathing,  and  after  death, 
the  free  inner  wiges  of  the  vowil  cords  are  thick  and  rounded, 
and  seem  very  unsuitahlc  for  being  roudily  set  in  vibrution. 
They  are  also  tolerably  widely  separated  behind,  the  aryten- 
oid cartilages,  to  which  their  posterior  ends  arc  attached, 
being  separated.  Air  under  these  conditions  passes  through 
without  producing  voice.  If  they  arc  watched  with  the 
laryngosco]>e  during  plumation.  it  is  seen  that  the  cords 
Hpproximate  behind  so  as  to  narrow  tlie  glottis;  at  the  same 
time  they  become  moi^  tense,  and  their  inner  edges  project 
more  sharply  and  form  a  better-defined  margin  to  the 
glottis,  and  their  vibrations  can  be  seen.  These  changes 
are  brought,  about  by  the  delicAlcly  co-ordinated  activity  of 
a  number  of  small  muscles,  which  move  the  cartilages  to 
which  the  cords  are  fixed. 

The  Muscles  of  the  Larynx.  In  describing  the  direc- 
tion and  action  of  these  it  is  convenient  to  use  the  words 
front  or  anterior  and  back  or  pouterior  with  reference  to 
the  larynx  it«elf  (that  is  fm  equivalent  to  ventral  and  dorsal) 
and  not  with  reference  to  the  head,  as  usual.  The  base  of 
each  arytenoid  cartilage  is  triangular  and  fits  on  a  surface 
of  the  cricoid,  on  which  it  can  slip  to  and  fro  to  some  ex- 
tent, the  ligamentH  of  the  joint  being  lax.  One  comer  of 
the  triangular  base  is  directed  inwards  and  forwards  (i.e, 
towards  the  thyroid)  and  is  called  the  vocal  process  {Pv, 
Fig.  156),  as  to  it  the  vocal  cords  are  fixed.  The  oat«r 
posterior  angle  (Pwi,  Fig.  156)  has  several  muscles  inserted 
on  it  and  is  called  the  lUHsrular  process.  If  it  be  pulled 
back  and  towards  the  middle  line  the  arytenoid  cartilage 
will  rotate  on  its  vertical  axis,  and  roll  its  vocal  proceaae^J 
forwards  and  outwards,  and  so  widen  the  glotti*;  the  re- 
verse will  happen  if  the  muscular  process  be  drawn  forward*. 
The  muscle  producing  the  former  movement  is  the  poiUri^r 
crieo-arytenotd  (Cap,  Fig.  188):  it  arises  from  the  back  of 
the  cricoid  cartilage,  and  narrows  to  its  insertion  into  the 
muscular  process  of  the  arrtenoid  on  the  same  eide.  The 
opponent  of  this  muscle  is  the  lateral  crieG-aryfenoid, 
which  arises  from  the  side  of  the  cricoid  cartilage,  rm  its 
inner  surface,  and  passes  upwards  and  baclns-ards  tft  tbe 
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muscular  process.  The  posterior  crico-arjtenoidB,  working 
alone,  pull  inwards  and  downwards  the  muscular  processes, 
turn  upwards  and  outwards  tlie  vocal  processes,  and  sciia- 
rate  the  posterior  ends  of  the  vocal  cords.  The  lateral 
crico-thyroid,  working  alone,  pulls  downwurds  and  forwards 
the  muscular  process,  and  rotates  inwards  and  upwards  the 
vocid  process,  and  narrows  the  glottis;  it  is  the  chief  agent 
in  producing  the  approximation  of  the  cords  ueccssarj  for 


Fro.  IBS.— Thf»lAr\'iix  *^m  from  hchlnM  and  dissected  so  ft»  todlsplAfBararof 
Its  muBcIe*-  Tho  inwcouA  membrane  of  ibe  front  of  th*?  pliarriii  W  TSjg.  1571 
has  been  distv^clcd  away,  so  as  to  dtepla.v  the  laryn^-al  niuscW  benrach  It. 
Part  of  the  lett  half  of  the  thyroid  cartilage  hasbeeo  cut  away.  co.cartiUceof 
Sonlorini;  cu,  cartilage  of  Wrlsbere. 

the  production  of  voice.  When  both  pairs  of  muscles  act 
together,  however,  each  neutralizes  the  tendency  of  the  other 
to  rotate  the  arytenoid  cartilage;  the  downwai*d  part  of  the 
pull  of  each  is,  thus,  alone  left,  and  this  causes  the  ar.jtenoid 
to  slip  downwards  and  outwards,  off  the  eminence  on  the 
cricoid  with  which  it  articulates,  as  far  as  the  loose  capsu- 
lar ligament  of  the  joint  will  allow.  Tho  arytenoid  car- 
^tilagn  are  thus  mov^  apart  and  the  glottis  greatly  widened 
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and  brought  into  its  state  iu  deep  quiet  breathing.  Other 
mascles  approximate  the  arytenoid  cartilages  after  thcj 
hare  been  separated.  The  most  important  is  the  transverse 
arytenoid  {A,  Fig.  158),  which  runs  across  from  one  ary- 
tenoid cartilage  to  the  other.  Another  is  the  oblique  ary- 
fenoid  {Taep),  which  mus  across  the  middle  line  from  the 
base  of  one  arytenoid  to  the  tip  of  the  other;  thence  cer- 
tain fibres  continue  in  the  aryteno-epiglottidean  fold  (10, 
Fig.  157)  to  the  base  of  the  epiglottis;  thid,  with  its  fellow, 
thus  embraces  the  whole  entry  to  the  larynx  ;  when  they 
contract  they  bend  inwards  the  tips  of  the  arytenoid  car- 
tilages, approximate  the  edges  of  the  aryteno-epiglottidean 
fold,  and  draw  down  the  epiglottic,  and  so  close  the  pas- 
sage from  the  pharynx  to  the  larynx;  this  is  jirol>abIy  their 
chief  function.  When  the  epiglottis  has  \HiiiX\  removcil, 
food  and  drink  rarely  enter  the  larynx  in  swallowing,  the 
edges  of  the  folds  of  mucous  membrane  on  It-f  sidori  U;iiig 
so  brought  together  as  to  effectually  cloise  the  af»ertfirc  U;- 
tween  them. 

Increased  tension  of  the  vocal  cord-*  Ix  prvlnwr*!  mainly 
by  the  crico-thyroid  musclen,  on<;  of  which  li'rj*  on  'rfi/rh  •i'lc 
6t  the  larynx,  over  the  crico-thyroid  m^unbraii^r.  Their 
action  may  be  understood  by  help  of  the  dia^rram,  Fi;r.  V/a, 
in  which  t  represents  the  thy- 
roid cartilage,  c  the  cricoid,  a 
an  arytenoid,  and  r<r  a  \*tfiA\ 
cord.  The  muscle  in  question 
passes  obliquely  backwanLi  and 
upwards  from  about  d  ixfAT  the 
front  end  of  r,  to  /,  about  /, 
near  the  pirot  (wh:f:h  rep- 
resents the  joint  be-twe<:n  i\i>s 
cricoid  cartilage  and  it.H  In- 
ferior  horn  of  the  thyroid). 
When  the  mtiacle  owitRwjt?  it  '*''  '** 

pulls  ^  down  into  the  ^M:'.y*u  i-vii'^v/i  '/;/  •;.',  ';'.*•//;  ;  r,*« 
and  stretches  the  t/xaI  f/iff\.  .f  *.uk  Af/v-.o,'-;  '.;►•*  .^iv/:^  v, 
kept,  by  the  miucka  \^u.xAt  ''''^»  *-'i'y!'7.  for**?';*  »^,  *ia 
same  time.    The  anug'vi^^.*  of  tr,-';  fitj/^UijvtA  \»  *s^ 
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thyro-arylenoid  muscle;  it  lies,  on  eacli  Eide,  Imbedded 
the  fold  of  elastic  tissue  formiDg  the  vocal  cord,  and  passes 
from  the  inside  of  the  aiiglc  of  the  thyroid  cartilage  in 
front,  to  the  anterior  angle  and  front  surface  of  the  ary- 
tenoid behind.  If  the  latter  be  held  firm^  the  muscle 
raises  the  thyroid  cartilage  from  the  position  into  which 
the  crico-thyroid  pulls  it  down,  and  so  slackens  the  rocal 
cords.  If  the  thyroid  be  held  fixed  by  the  crico-thyroid 
muscle,  the  thyro-arytenoid  will  help  to  approximate  tht 
vocal  cords,  rotating  inwards  tlie  vocal  processes  of  the 
ai'3*teuoid8. 

The  lengthening  of  the  vocal  cords  when  the  thyroid 
cartilage  is  depressed  tends  to  lower  their  pitch;  the  in- 
creased tension,  however,  more  than  compensates  for  this 
and  raises  it.  There  seems,  however,  still  another  method 
by  which  high  notes  are  produced.  Beginning  at  the 
bottom  of  his  register,  a  singer  con  goon  up  the  scale  some 
distance  without  a  break;  but,  then,  to  reach  his  higher 
notes,  must  pause,  rearrange  his  larynx,  and  begin  again. 
What  happens  is  that,  iit  firsts  the  vocal  prooceses  are 
turned  in,  so  as  to  approximate  but  not  to  meet;  the  whole 
length  of  each  edge  of  the  glottis  then  vibrates,  and  its 
tension  is  increased,  and  the  pitch  of  the  note  raised,  by 
increasing  contracuon  of  the  crico-thyroid.  At  last  this  at- 
tains its  limit  and  a  new  method  has  to  be  adopted.  The 
vocal  processes  are  more  rolled  in,  until  they  touch.  This 
produces  a  node  (sec  Physics)  at  that  point  and  shortens 
the  length  of  vocal  cord  which  vibrates.  The  shorter 
spring  emits  a  higher  note;  so  the  crico-thyroid  is  relaxed. 
apd  then  again  gradually  tightened  as  the  notes  snng  are 
raised  in  pitch  from  the  new  8larting-|mint.  To  pass 
easily  and  imperceptibly  from  one  such  arrangement  of  the 
larynx  to  another  is  a  great  art  in  singing.  There  is  some 
reason  to  believe  that  a  second  node  may.  for  still  higher 
notes,  bo  produced  at  a  more  anterior  point  on  the  vocal 
cords. 

The  method  of  production  of  falsetto  notes  is  uncertain; 
during  their  emission  the  free  border  of  the  vocal  cord* 
alone  vibrates. 
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The  range  of  the  hunmn  voice  is  about  three  octaves, 
from  /  (176  vib.  per  1')  on  the  unaccented  octuve,  in  male 
voice3,  to  ^on  the  thrice  accented  octave  (1584  rib.  per  1'), 
in  female.  Great  singers  of  course  go  beyond  tbis  range; 
basses  have  been  known  to  take  a  on  the  great  octavo  (110 
vib,  per  1');  and  Xilssou  in  '*  II  Flaiito  Magico"  used  to  take 
/on  the  fourth  accented  octave  (2816  vib.  per  1').  Mozart 
heard  at  Parma,  in  1770^  an  Italian  songstress  whose  voice 
had  the  extraordinary  range  from  <j  iu  the  first  accented 
octave  (396  vib.  per  V)  to  c  on  the  fifth  atrcentcd  octave 
(4224  vib.  per  1').  An  ordinary  good  hasa  voice  hfl,s  a  com- 
pass from/  (176  vib.  per  1')  Xo  d"  (594  vib.  per  1');  and 
a  soprano  from  h'  (495  vib.  per  1')  tog'"  (1584). 

Vowels  are,  primarily,  compound  musical  tones  (p.  548) 
produced  in  the  larynx.  Accompanying  the  primary  partial 
of  each,  which  determines  its  pitch  when  said  or  sung,  are 
a  number  of  upper  partials,  the  first  five  or  six  being  recogni- 
zable in  good  full  voices.  Certain  of  tlicee  upper  partialB 
are  reinforced  in  the  month  to  produce  one  vowel,  and  others 
for  other  vowels;  so  that  the  various  vowel  sounds  are  really 
musical  notes  differing  from  one  another  in  timbre.  Tlie 
mouth  and  throat  cavities  form  an  air-chamber  above  the 
larynx,  and  this  has  a  note  of  its  own  which  varies  witli  its 
size  and  form,  as  may  he  observed  by  opening  the  mouth 
widely,  with  the  lips  retracted  and  the  cheeks  tense;  then 
gradually  closing  it  and  protrutling  the  lips,  meanwhile 
tapping  the  cheek.  As  tlie  mouth  changes  its  form  the 
note  produced  changes^  tending  in  general  to  pass  from  a 
higher  to  a  lower  pitch  and  suggesting  to  the  ear  at  the 
same  time  a  change  from  tlie  pound  of  a  (father)  througli  f» 
(more)  to  t'x*)  (moor).  Wlien  the  month  and  (hroat  cliam- 
bers  are  so  arranged  that  the  air  in  them  has  a  vibratory 
rate  in  unison  with  aiiy  jiartial  in  the  laryngeal  tone, 
it  will  be  set  in  sympathetic  vibration,  that  partial 
will  be  strengthened,  and  the  vowel  characterized  by  it 
uttered.  As  the  mouth  alters  its  form,  although  the  same 
note  be  still  sung,  the  vowel  changes.  In  the  above  series 
(a,  0,  06)  the  tongue  is  depressed  and  the  cavity  forms  one 
chamber;  for  a  this  hjbs  a  wide  mouth  opening;  for  0  it  is 
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narrowed;  for  06  still  more  narrowed,  and  the  lips  protruded 
so  as  to  increase  the  length  of  the  resonance  chamber.  The 
partial  tones  reinforced  in  each  case  are,  according  to 
Helmholtz — 


i 


00 

In  other  cases  the  mouth  and  throat  caxity  is  partially  sub- 
divided, by  eleyating  the  tongue,  into  a  wide  posterior  and 
a  narrow  anterior  part,  each  of  which  has  its  own  note;  and 
the  vowels  thus  produced  owo  their  character  to  two  rein- 
forced partials.  This  is  the  case  with  the  series  a  (man), 
e  (there)  and  i  (machine).  The  tones  reinforced  by  reson- 
ance in  the  mouth  being — 


fl     1  e  ^ 


The  usual  i  of  English,  as  in  spire,  is  not  a  true  simple 
vowel  but  a  dipth thong,  consisting  of  a  (pad)  followed  by 
e  {ieei) ;  as  may  be  observed  by  trying  to  sing  a  sustained 
note  to  the  sound  T;  it  will  then  be  seen  that  it  begins  as  & 
and  ends  as  ee.  A  simple  vowel  can  be  maintained  pure 
as  long  as  the  breath  holds  out. 

In  uttering  true  vowel  sounds  the  soft  palate  is  raised  so 
as  to  cut  off  the  air  in  the  nose,  which,  thus,  does  not  take 
part  in  the  sympathetic  resonance.  For  some  other  sounds 
(the  semi-vowels  or  resonants)  the  initial  step  is,  as  in  the 
case  of  the  true  vowels,  the  production  of  a  laryngeal  tone; 
but  the  soft  palate  is  not  raised,  and  the  mouth  exit  is  more 
or  less  closed  by  the  lips  or  the  tongue;  hence  the  blast 
partly  issues  through  the  nose,  and  the  air  there  takes  part 
in  the  vibrations  and  gives  them  a  special  character;  this 
is  the  case  with  m,  n,  and  n^. 
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Consonants  are  sounds  produced  not  inainlj  hj  the 
vocal  curds,  but  by  modifications  of  the  expiratory  blast  on 
its  way  through  the  nioutli.  Tlio  current  may  be  inter- 
rupit'd  and  the  sound  changed  by  tbe  lips  (lalnai»);  or,  at 
or  near  the  teeth,  by  the  tip  of  the  tongue  (denials);  or,  in 
the  throaty  by  the  root  of  the  tongue  aud  the  soft  palate 
(guituraU).  Consonant*  are  also  characterized  by  the  kind 
of  tnoremeut  which  gives  rise  to  them.  In  exphsii^es  an 
interruption  to  the  passage  of  the  air-current  id  suddenly 
interposed  or  removed  (P,  T,  B,  D,  K,  G).  Other  con- 
sonants are  coniimtous  (as  F,  S,  R),and  maybe  subdivided 
into — (l)<w;?tra/tf5,  chanicterized  by  the  sound  produced  by 
a  rush  of  air  thruugh  a  narrow  passage,  as  when  the  lips  are 
approximated  (F),  or  the  teeth.  (S),  or  the  tongue  is  brought 
near  the  palate  (Sh),  or  its  tip  against  the  two  rows  of  teeth, 
thi*y  not  being  (luite  m  contact  (Th).  For  L  Ihc  tongue 
is  put  against  the  hard  palate  and  the  air  escapes  on  its 
sides.  For  Ch  (as  in  tiio  projx-r  Scutch  pronunciation  of 
loch)  the  parage  between  the  back  of  the  tongue  and  the 
soft  palate  is  luirrowed.  To  many  of  the  above  pure 
consonants  answer  others,  in  whose  ]>roduction  true  vocali- 
zation (i.e.  a  laryngeal  tone)  takes  a  part.  F  with  some 
voice  becomes  V;  S  Incomes  Z,  Th  soft  (tee//i)  becomes  Th 
iuird;  and  Ch  becomes  Gh.  (3)  Rcsonanis;  these  have 
been  referred  to  above.  (3)  Vibrnhines  (the  different 
forms  of  R),  which  are  due  to  vibi*atiuns  of  parts  bounding 
a  coDBtriction  put  in  the  course  of  the  air-current.  Ordi- 
nary R  is  due  to  vibrations  of  the  tip  of  the  tongue  held  near 
the  hard  palate;  and  gutinml  R  to  vibrations  of  the  uvula 
and  parts  of  the  pharynx. 

Tiic  consonants  may  physiologically  be  classified  as  in  the 
following  table  (Foster). 


Explosives.   I/ibtaU,  without  voice P, 

'*        with  voice B. 

DcniaU.  withoui  voice T. 

with  voice D. 

OutturaU,  without  voice K. 

'*         with  voice G  (hard). 
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Aflpiratea.      Labiai»,  witbout  voice. . .  .F. 

wiih  voice V. 

Denial*,  witho«U  %-oico. .  .8,  L,  Bh.  Th  (hardV 

with  voice Z.  Zh  (anire).  Th  (soft). 

GuttyraU.  without  voice  .Ch  (ioch). 

with  voice Ch, 

B«8onAXlt6.     Labial.  M. 

I>entai N. 

OMthtral NG. 

Vibrstories.  L/ibinl — not  used  in  European  l&nguagML 

Denial K  (commoa). 

Guttural B  (guttural). 

H  is  a  laryngeal  sound :  the  vocal  cords  are  separated  for  its 
production,  yet  not  so  far  as  in  quiet  breathing.  The  air- 
current  then  produces  a  friction  sound  but  not  a  true  note, 
as  it  pasftes  the  glottis;  and  this  is  again  modified  when  the 
current  strikes  the  wall  of  the  pharynx.  Simple  sudden 
closare  of  the  glottis,  attended  with  no  eonnd,  is  also  a 
speech  element,  though  we  do  not  indicate  it  with  a  special 
letter,  since  it  is  always  understood  when  a  word  begins 
with  a  vowel,  and  only  rarely  is  used  at  other  times.  The 
Greeks  had  a  Fi>ecial  sign  for  it,  ,  the  soft  breathing;  aud 
another,  ',  the  hard  breathing,  answering  somewhat  to  our 
h  and  indicating  that  the  larynx  was  to  be  held  open,  ao  m 
to  give  a  friction  sound,  but  not  voice. 

In  whispering  there  is  no  true  voice;  the  latter  implies 
true  tones,  and  these  are  only  produced  by  periodic  vibra- 
tions; whispering  is  a  7iwwtf.  To  produce  it  the  glottis  is 
tolerably  narrowed  but  the  cords  are  not  so  stretched  as  to 
produce  a  sharply  defined  edge  on  them,  and  the  air  driven 
past  is  then  thrown  into  irregular  vibrations.  Such  vibra- 
tions as  coincide  in  period  with  the  air  iu  the  mouth  and 
throat  are  always  present  in  sufficient  number  to  characteri/* 
the  vowehf;  and  the  consonants  arc  produced  in  the  ordinary 
way,  though  the  distinction  between  such  letters  m  P  and 
B,  Pand  V,  remains  imperfect 


^^ 

r",! 

^^H                                H 

Abdomen,  contenta  of,  4. 

Air,    chemical   compoflition   of. 

Abdominal  respiration,  886. 

874. 

Abducens  nerve,  170. 

Air  celU,  854. 

Aberration,  rhromatip.  503. 

Air.    changes   produced    in    by 

Aberration,  spherical.  003. 

breathing.  873. 

Absorbents,  320. 

Air.  complemental,    tidal,    etc. 

Absorption  from  iatestinci,  345 

365. 

Absorption  of  gaftes.  880. 

Air  passages,  858. 

Absorption  of  oxygen  by  blood. 

Albumin,  aenim,  57.              ^h 

382. 

Albuminoids.  11.                   ^^H 

Accelerator  nerves  of  heart.  233. 

Albuminous  bodies,  10.           ^^H 

Accommodation,  498. 

Alcohol.  304.                            ^^1 

Acetabulum,  79. 

Alimentary  canal,  806.                     1 

Acid,  acetic,  14;  butyric,  14;  car- 

Alimentary  principles,  208.              1 

bonic,  sec  carbon  dioxide;  for- 

Amoeboid cellB.  114.                         1 

mic.    14;    glycero-phosphoric, 

Amoeboid  movements,  21,  48.           1 

14;glycocholic.  342;  lactic.  14; 

Amyloidfl    (carbohydrates).     13, 

oleic,  13;  palmitic,  13;  sarco- 

800. 

laclic.    14.    125:    stearic.    13; 

Amyloids,  digestion  of,  833,  341. 

laurocholic,  842. 

349. 

Acquired    (secondary)    reflexes, 

Anicmia.  50. 

587. 

Anatomical  systems.  87. 

Action  current  (negative  varla- 

Anatomy    of    alimentary  canal. 

lion).  193.  197. 

808;  of  ear.  535;  of  eye,  470; 

Actions,  reflex.  182,  fi74. 

of  Joints.  94;  of  lymphatic  sys- 

Addison's disease,  333. 

tem,  829;  of  muscular  system, 

Adenoid  lissuc,  106. 

116;  of  nervous  system.  154.  of 

Adipose  tissue.  111. 

respiratory    organs,     862;    of 

Adrenals  (supra-renal  capsules), 

skeleton.  62;  of  skin.  412;  of 

383. 

urinary  organs,  402;  of  vascu- 

Advantage of  mixed  diet,  805. 

lar  system,  201. 

446. 

Animal  heat,  source  of,  451. 

^              After  images.  626. 

Anterior  tibial  nerve,  211. 

^^^      Ague  cake,  886. 

Anvil  bone,  527. 
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Aorta.  209. 

Apex  beat  of  heart,  220. 

Appendicular  skeleton,  77. 

Appetite.  350. 

Appendix  vermiformis,  822. 

Apoplexy,  166. 

Aqueduct  of  Sylvius^  187. 

Aqueous  humor,  490. 

Arachnoid,  6,  157. 

Arbor  vita,  168. 

Areolar  tissue,  102. 

Areolar  tissue,  subcutaneous,  414 

Arm,  skeleton  of,  78. 

Arterial  blood,  216,  879. 

Arterial  pressure,  285,  251. 

Arteries,  distribution  of,  208. 

Arteries,  structure  of,  217. 

Artery,  axillary,  210;  brachial, 
210;  bronchial,  211;  carotid, 
210;  coeliac,  210;  coronary,  207, 
210;  iliac,  210;  InDominate,  210; 
intercostal,  2'il ;  radial.  210; 
subclavian,  210;  ulnar,  210; 
vertebral,  210. 

Articular  cartilage,  94. 

Articulations,  63.  93. 

Arytenoid  cartilages,  597. 

Asphyxia,  896. 

Aspiration  of  thorax,  244,  287. 

Assimilation,  19. 

Assimilative  tissues,  30. 

Associated  movements,  698. 

Association  of  ideas,  598. 

Astigmatism.  503. 

Astragalus,  82. 

Atlantoaxial  articulation.  97. 

Atlas  vertebra,  68. 

Auditory  nerve.  170. 

Auditory  ossicles.  536. 

Auditory  perceptions,  554. 

Auriculo-ventricular  valves,  208. 

Automatic  centres.  183. 

Automatic  movements,  23. 

Ai'  ues,  82. 


Axial  current,  228. 

Axial  ligament,  587. 

Axial  skeleton,  68,  67. 

Axillary  artery,  210. 

Axis,  vertebra,  08. 

Axis,  visual,  518. 

Ball  and  socket  joints,  96. 

Basement  membrane,  106,  260. 

Basilar  membrane,  540,  553. 

Bathing,  421. 

Beans  (as  food),  803. 

Beat  of  heart,  219. 

Beef  tea,  126. 

Biceps  muscle  of  arm,  118. 

Bile.  342. 

Blackness,  sensation  of,  519. 

Bladder,  urinary,  402. 

Blind  spot,  508. 

Blood,  40;  arterial  and  venoua. 
216,  879;  composition  of,  57; 
clotting  of,  50;  crystals,  47; 
gases  of  378;  histology  of,  44; 
laky,  46;  quantity  of,  69;  se- 
rum, 50. 

Bloodflow  in  capillaries,  227;  in 
kidneys,  408;  in  liver,  825; 
rate  of,  242. 

Blood-vessels,  anatomy  of,  208. 

Blood-vessels,  nerves  of,  258. 

Blood- vessels,  structure  of,  218. 

Blushing,  255. 

Bone,  composition  of,  91 ;  his- 
tology of,  88;  gross  structure 
of,  86. 

Bones  of  face,  64;  of  fore-limb, 
78;  of  hind-limb,  79;  of  pec- 
toral arch,  77;  of  pelvic  arch. 
79;  of  skull.  75. 

Brachial  artery,  210. 

Brachial  plexus,  161. 

Brain,  anatomy  of,  168;  physi- 
ology of,  584;  membraoes  of, 
157. 

Bread,  802. 


^H 
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Breastbone.  71. 

Centre  of  gmvity  of  body.  H9.              ^| 

BronchUI  arteries,  211 

Centres,  nerve,  general  fuuctiona    ^^^| 

BroncbitU  tubeo.  3M. 

^^H 

Bronchus  354. 

Cephalic  rein.  214.                           ^^^| 

Bruuuer'fl  glaods.  83d. 

Cerebellum.  164.  586.                     '^^^| 

Buccal  cavity,  808. 

Cerebral  hemiKpheres,  163.             ^^^^| 

Buffy  coat  on  blood  clot,  33. 

Cerebral  hemispheres,  functions         ^^| 

f  alcanvum.  79. 

of.  590.                                          ^^H 

Caniura  obscurs^  490. 

Ccrebro- spinal  centre,  6,  160.         ^^^^B 

Canals,  semicircular.  539.  587 

Ccrebro-spiual  liquid.  158.              ^^^^| 

Capacity  of  lungs,  365. 

Cervical  plcvuM.  161.                      ^^^^| 

Capillaries,  blood.  211.  217. 

Cervical  vertebne.  68.                        ^^^B 

Capillanes,  lymphatic.  339. 

Characteristics  of  human  akele-           ^| 

Capillary  cirtulalioo,  227. 

ion.  84.                                                   H 

Capsule  of  GIibsod.  326. 

Chemical  combinations,    energy    ^^^H 

Carbohydraletj,  see  amyloids. 

liljpratcd  in,  283.                          '^^H 

Carbon    dioxide,   14;    in  blood. 

Chemical  composiiionof  body.  8.    ^^^H 

886;  production  of  in  muscle. 

Chemical  changes   in   breathed          ^H 

430. 

air,  373.                                                  ^1 

Carbon  monoxtdo  bsmoglobio, 

Chemistry,  of  bile.  843;  of  blood.           H 

39& 

67;  of  lx>ne.  91;  of  fats.  112;           ^| 

Cardiac  muscular  tissue,  124. 

of  gastric  juice,  338;  of  lymph,           ^| 

Cardiac  tmpuls>c,  290. 

61;    of  muscio.    124.   429;    of           H 

Cardiac  ncrres,  248. 

pnncrcalic  sctrretion,   264;    of            ^^k 

Cardiac  orifice  of  stomach.  817. 

respiration.  873:  of  siK-fetion.            ^| 

Cardiac  plexus.  172. 

204;    of  leclti,   312;  of  urine.            ^| 

Cardlo-inhibitory  nerres  250. 

410;    of  while  fibrous  tissue,             ^| 

Carotid  artery,  210. 

103.  of  working  muscle,  427.              ^| 

Carpus.  79. 

Chest.    Het  Thorax.                               ^| 

Casein,  11. 

Cbondrin.  107.                                ^^^H 

Carlilttge.  lOO;  articular,  94;  elas- 

Chorda  tympnni  nerve,  271.          *^^^H 

^^           tic,  106;  tibro-,  107;  bifli-olo^y 

Choroid,  486.                                   «^^^| 

^V           ^^  101 ;  inter  articular,  107. 

Ciiromati<!  abcrratioD,  502.             *^^^H 

F               Cartilages  of  larynx,  696. 

Chyle,  840.                                       A^^H 

1                Cauract,  504. 

Chyme.  880.                                   ^^^^| 

[                 CaUrrh.  256. 

Ciliary  muscle.  401.                         ^^^H 

^^        Cauda  etiuina,  161. 

Ciliary  processes,  486.                   '^^^H 

^B         Cell**,  17;  amucboid.  Il4;  ciliated. 

CUialcd  cells.  88, 115.                      *^^H 

^M            83.  115;  divlffioa  of,  18;  dilTc- 

Circulation.  20t.  214;  during  as-  ^^^H 

^P             rentintion  of,  20;  growtbof,  18. 

phyxia,  401;    lottuence  of  re-          ^H 

^^          t^eraenl.  of  tooth.  811. 

spiraUiry  movements  on.  868; '  ^^^H 

^               Centre,    cardio- inhibitory,   250; 

inHuencc   of    nerves  on,   247; '^^^H 

^K           cerebro-spinal,  156;  convulsive, 

portal.  216.  826;  renal,  408.          ^^H 

^H           400;  respiratory,  991. 

Circulatory  organs,  901 .                         ^H 

^^M 

^^^^1 

^^^    610 

im>sx.                             ^^H 

^^M            Circumvallato  papHlce,  313. 

Com,  308.                                ^^H 

^^t             Clos^ificalion  of  the  tissues.  29. 

Cornea.  486.                             ^^^H 

^H            ClaAsificaUou  of  nerve  fibres,  184. 

Coronary  artery.  *M ;  ttntu,  907.    ^H 

^H             Clavicle.  77. 

Corpora  albic«ntia.  168.                   ^M 

^H             Clothing,  458. 

Corpora  quadrigemina,  104^             ^H 

^^M            Coa^ated  proteld,  11. 

Corpora  striata.  163.  591.                  ^| 

^H            CoagulatioQ  of  blood,  50. 

Corpus  callosum.  160.                        ^| 

^H            Coccyx,  70. 

Corresponding  retinal  pointfi,  532.     ^U 

^m            Cochlea.  589. 

Corti.  organ  of.  541.                    ^^^B 

^H            Cochlea,  functions  of,  553. 

Costal  cartilages.  73.                  ^^^^| 

^H           Cecum,  322. 

Costal  respiralion.  306.             ^^^H 

^H             Cceliuc  axis.  211. 

Cranial  nerves,  168,  168.           ^^^^| 

^H            Cold-blooded  aoimals,  449. 

Cranium,  73.                              ^^^^H 

^H           Collagen.  104. 

Crazy  bone.  188.                       ^^^^| 

^^H           Collar-bone,  77. 

Cream,  802.                                ^^^H 

^1            Colon.  a22. 

Cretinism.  888.                           ^^^^f 

^^H            Color  bliDdncss,  523. 

Cricoid  cartilage.  697.               ^^^^| 

^H            Color  mixing.  521. 

Crura  cerebri.  164.                     ^^^^| 

^^H            Color  vision,  519. 

Crying.  402.                                 ^^^B 

^H           CombutitiLle  foods.  425. 

CrypU  of  Lieberknhn,  332.         ^^H 

^^B           Commissures,  cerebral.  167. 

Crystalline  lens,  491.                  ^^^| 

^^H           Common  bile  duct.  324. 

Curari  poisoning,  130.              ^^^^| 

^^1            Common  aensalion,  463,  567. 

Cutjineous  organs.  412.              ^^^^| 

^H           Complcmental  air,  365. 

Cutaneous  secretiona,  417.        ^^^^| 

^H            Complementary  colors.  521. 

Cutis  ven,  413.                         ^^^H 

^H            Concha,  585. 

Cystic  duct,  824.                       ^^^H 

^H           Conduction  in  spinal  cord.  678, 

Daltonism,  S28.                        ^^^H 

^H               683. 

Deatli  stiffening,  480.                 ^^^B 

^H           Conductive  tissues,  88. 

DefecU  (optical)  of  eye,  500.  SO^^H 

^H            Conductivity,  phygiologicfti,  21. 

Deglutition,  8fW.                         ^^^H 

^H            Connective  tissue'.  62.  102,  106. 

^^^H 

^^M           Connective-tissue  oorpuscle»,  105. 

Depressor  nerve,  SS5.                   ^^^^| 

^H           CoaservaUon  uf  energy,  280. 

Derbyshire  neck.  8:13.                   ^^^| 

Dermis,  6,  4ia                                  ^H 

^^           Contractile  tissues.  33,  113, 

Descemet.  membrane  of.  486.           ^H 

1                    Contractility,  20,  128. 

Development,  26.                                ^H 

Contrasts,  visual,  525. 

Diabetes.  441.                            .^^H 

Convulsive  centre.  400. 

Dialysis.  49.                              ^^H 

^K           Cooking  of  meats.  SOI:  of  rege- 

Diaphragm,  4.  859.                    ^^^| 

^1               tables.  303. 

DieteticJi,  446.                             ^^^1 

^^M           Co-ordinating  tissues.  82. 

Dift.  mixed,  advantages  of,  806.       ^M 

^H            Co-ordination.  22,  188. 

Differentiation  of  the  tissues,  96.       ^t 

^H            Cords,  vocal.  567. 

Digestion,  334.                                     ^M 

^H           Corium,  6,  418. 

Digestion  of  a  typical  meal.  847.      ^M 

I^H^^^^^^^H 
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t>ipIoe.  91. 

Equilibrium  peosations.  587.         ^^^H 

DirecUoD,    perceptioa    of.   680. 

Erect  posture,  149.                          ^^^^| 

054. 

Ethmoid  bone,  75.                         ^^^| 

DbaBsiiDilation.  SO. 

Eustachian  lube,  585.                     ^^^H 

Dislocalion,  98 

Excretion,                                     ^^^H 

Dispereioii  of  Hght.  495. 

Exercise.  138.                                 ^^^| 

DiflUnce,  perception  of,  530,  564. 

ExoskelelOD,  63.                           ^^^^^| 

Division  of  physiological  employ- 

Expiration, 363.                              ^^^H 

ments,  27. 

Expiratory  centre,  897.                   ^^^^| 

Dorsal  (neural)  carity,  6. 

External  auditory  meatus,  585.       ^^^H 

Dorsal  vertebne.  65. 

External  car.  535,                                   ^| 

Drum  of  ear.  585. 

External  respiration,  35?.                      ^H 

DuclleM  glands,  332. 

Extrinsic  reference  of  sensations,         ^H 

Duodenum,  830. 

^1 

Dura  mater,  157. 

Eye,  anatomy  of.  479:  append-         ^| 

Duration  of  luminoaa  sesaalioDii. 

ages  of,  480:  optical  defects  of.         ^| 

516. 

502:    physiology  of,   506;    ro-         ^M 

Dyspepsia.  850. 

fraction  of  light  in.  497.                    ^H 

Ear.  536. 

Eyeball,  485.                                    ^^^| 

£Sgf.a02. 

Eyeball,  muscles  of,  488.               ^^^H 

Elastic  tissue,  104. 

^^^1 

Elastic  cartilage.  106, 

Facial  nerve,  170.                             ^^^H 

Elements  found  in  body,  9. 

False  Tocal  cords.  596.                   ^^^| 

Eliminutivo  (excretory)   tissues. 

^^H 

80. 

Fat.  source  of  in  body,  448.            ^^^| 

EmulHificalion,  841. 

Fatigue  of  retina.  534.                   <  ^^^H 

Enamel,  311. 

Patty  tissue.  111.                          i^^^| 

EDdbuIbs.  556. 

Fauces,                                          ^^^H 

Endocardium,  304. 

Fecbner's  law,  478.                          ^^^^H 

Eado  lymph,  588. 

Femoral  artery.  211.                      ^^^H 

Endo^elelon.  63. 

Femur.  79,  68.                                  ^^^H 

Energy,    conserrmdoa    of,    280; 

Ferments.  886.                               ^^^H 

kinetic.  2K2.    lost   from  body 

Fibrin,  11,51.  68.                            ^^H 

daily,    279.    Ah2:    of  chemical 

Fibrin  fermeot.  54.                          ^^^H 

affinity,    38»;    potential,    38S; 

Fibrinogen,  58.                                 ^^^H 

muscular,     source      of,     427; 

Fibrinophutin,  58.                            ^^^H 

source  of  in  body,  383;    utili- 

Flbro cartilage,  106.                         ^^^H 

zation  of  in  body,  380 

^^^1 

Energy-yielding^  foods,  435. 

Fick  and  Wislecenus,  427.              ^^^H 

Enzymes.  330. 

Filiform  papillff,  313.                      ^^^H 

Epidermis,  6.  413. 

Flesh  foods,  801.                             ^^H 

EpilElottis,  316.  596. 

Follicles  of  hairs.  415.                     ^^H 

Epithelium,  6.  34. 

Footanelles.  93.                                       ^H 

Epithelium,  ciliated,  115. 

Foods,  deflnitioD  of,  29*'  *  energy*  ^^^H 
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yielding,  436;  fleshy,  801;noD- 
oxidisable,  896,  800;  tlssuo- 
forming.  293,  490;  vegetable, 
802. 

Food  of  plants,  295. 

Foot,  skeleton  of,  79. 

Foramen,  intervertebral,?! ;  mag- 
num, 75;  of  Monro,  167;  oval, 
536;  round.  086;  thyroid,  79; 
vertebral,  68. 

Forebrain,  168,  591. 

Forelimb,  skeleton  of,  78. 

Frontal  bone,  75. 

Fuel  of  Body,  287. 

Fundamental    physiological   ac- 

.  tions,  15. 

Fungiform  papillte,  818. 

Funny  bone,  188. 

Fur  on  tongue,  815. 

Gall  bladder,  824. 

Ganglia,  156,  177;  of  cranial 
nerves.  171;  of  heart,  248;  of 
spinal  nerve-roots,  16(1;  spora- 
dic, 173. 

Ganglion,  Gasserian,  170. 

Gases  of  blood,  378. 

Gasserian  ganglion,  170. 

Gastric  digestion,  339. 

Gastric  juice,  338. 

Glands,  262;  cutaneous,  417; 
ductless,  333;  gastric,  819 
lachrymal,  482;  lymphatic,  830; 
of  Brunner,  332  of  Lieberktlhn ; 
parotid,  274;  salivary,  270,  315; 
submaxillary,  271. 

Glenoid  fossa,  77. 

Gliding  jointa.  98. 

Glisson,  capsule  of,  826. 

Globe  of  eye,  485. 

Globulin,  11,47. 

Glossopharyngeal  nerve,  170. 

Glottis,  597. 

Glucose  (grape  sugar),  11. 

Qiaten,  302, 


Glycerine,  18. 

Glycogen.  14,  488. 

Gmelin's  test,  842. 

Goitre,  838. 

Grape  sugar,  18. 

Great  omentum,  817. 

Growth,  18. 

Gullet,  817. 

Hsemal  (ventral)  cavity,  4, 6. 

Hffimatin,  12,  47. 

HtemoglobiQ,  46,  379. 

Hairs,  415. 

Hair-cells,  542. 

Hammer-bone,  537. 

Hand,  skeleton  of,  78. 

Haversian  canals,  89. 

Heart,  203;  beat  of,  219;  nerves 
of,  248. 

Heat  production  and  Fegolation 
in  Body,  449. 

Heat  lost  from  lungs,  874. 

Heel-bone,  79. 

Hemispheres,  cerebral,  168;  func- 
tions of,  690. 

Hepatic  artery,  324. 

Hepatic  cells,  325. 

Hepatic  duct,  324. 

Hepatic  veins,  215,  824. 

Hering's  theory  of  color  vision, 
524. 

Hiccough,  402. 

Hind  limb,  skeleton  of,  79. 

Hinge-joints,  94. 

Hip- joint,  94. 

Histology,  1;  of  adipose  tissue, 
111;  of  areolar  tissue,  103;  of 
blood,  44;  of  bone.  88;  of  car- 
diac muscle,  124;  of  cartilage. 
101 ;  of  connective  tissues.  108: 
of  car,  540;  of  clastic  tissue, 
104;  of  hairs,  415;  of  kidney. 
407;  of  liver,  825;  of  lungs, 
355;  of  lymph,  49;  of  nails, 
417;  of  nerve-cells,.  175;    of 
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nerve  fibres,  173;  of  oose,  5Cfl; 
of  piftin  musculnr  it<»uc,  123; 
of  retina.  4S7;  of  skin.  412;  of 
small  intestine.  320;  of  spimil 
cord.  177.  of  stomiicli.  318:  of 
striped  muscle.  122;  of  tcctU, 
8U:  of  tactile  orgaas.  S50;  of 
tongue.  670;  of  whtt«  fibrous 
tissue.  103 

Hollow  veins.  207. 

Homologies  of  supporting  tissues 
107. 

Homology.  58;  of  limbs.  80. 

Horopter.  583. 

Humerus.  78,  80. 

Humor,  aqueous,  490;  vitreous, 
491. 

Hunger.  669. 

H^'drocarbons.     Sea  Fats. 

Hydrogen,  9. 

Hygiene.  1;  of  blood,  58;  of 
brain.  693;  of  clothing,  806. 
458;  of  exercise,  188;  of  grow- 
ingskelctoo.  109;  of  Joints.  08; 
of  mu.<M:Ics,  138;  of  respiration, 
360.  375;  of  sight,  501;  of 
skeleton,  92;  of  skiu,  420;  of 
supporting  tissues,  109. 

Ilyoid  bone.  76. 

Hypcrmetropift,  500. 

Hypoglossal  nerve.  171. 

Ideas,  association  of,  593. 

Idio-retinol  light,  508. 

[Jeum.  320. 

Ileocolic  valve,  323. 

Iliac  arlery.  210.  211. 

Utum.  79. 

Illusions,  wnsnry.  477. 

Impulse,  cardiac.  220. 

Impulse,  nervous,  190. 

Incus,  537. 

Indigestion,  850. 
Inert  layer,  228. 
Inferior  laryngeal  nerve.  897. 


Inferior  maxillary  ncr^e,  170. 

Inferior  mesenteric  artery,  211. 

Inferior  vena  cava,  207. 

Inhibition  of  reflexes,  681. 

Inhibiior>-  nerves.  184. 

Innervation  senaations.  665. 

Inuoaiiuatc  urtery,  210. 

InuDminato  bone,  79. 

Innominate  vein,  214. 

Inogen.  125. 

Inorganic  constituents  of  Body, 
14. 

Inosit.  13. 

InApiratioQ,  how  effected,  859. 

Intensity  of  sensations,  473. 

Interarticular  cartilage,  107. 

Intercostal  arteries.  211. 

Intercostal  muscles,  361. 

Internal  ear.  638. 

Internal  medium.  40. 

Internal  respiration,  352,  386. 

Intervertebral  disks.  71.  94. 

Intervertebral  foramina,  71. 

Intestinal  digestion,  340. 

Intefiline.s,  320 

Inlru-tlioracic  pressure,  857. 

Intrinsic  heart- norves.  248. 

Iri^  491. 

Irritability.  21. 

Irritability,  muscular,  129. 

Irritable  tissues,  81. 

Ischium,  79. 

Jaw- bones,  76. 

Jejunum.  320. 

Jelly-like  connective  tissue.  106, 

Joints,  94. 

Jugular  vGio,  214. 

Kidneys,  402. 

Kinetic  energy.  288- 

Kneo  cap  or  knee-pan.  79. 

Krcatin.  12.  434. 

Ijibyrinth.  538. 

Lachrymal  apparatus.  482. 

Lachrymal  bone,  76 


^^ei4 

IB^^^H 
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^m           Lacteals.  48.  321. 

Ixtwer  maxilla,  76.                     ^^^H 

^H           Lacuuffi,  lymphatic,  829. 

Lumbar  plexus,  162.                  ^^^^^ 

^^M            Lamina  spiralis,  540. 

Lumbar  vertcbne,  69.                ^^^H 

^^^K    Large  ialestinc.  ii22. 

Lungs,  858.                               ^^^| 

^^^f    Laryngeal  nerves.  807. 

Lungs,  capacity  of.  865.            ^^^H 

^^^^     Larynx.  596. 

Luxus  consumption,  432                    ^| 

^M            Laughing.  403. 

Lympb,41:canaliculi,  106;chein-     ^M 

^H           Law,  the  psycho-pbyHioal.  478. 

istry  of.  01 :  hearts.  331 ;  hUto-    ■ 

^^^^_    Leaping.  153. 

logy    of,     49;     lacuoic.     829;     V 

^^^^B    Least- resistance  hypothesis,  578. 

movement  of.  331, 871 ;  renewal 

^^^"    T.erithiD.  14. 

of,  42;  vessels,  48,  829.                  ^ 

^V          Leg.  skeleton  of.  70. 

Lymphatic  glands,  330.                    ^| 

^^            Lens,  crysU&lliDC,491. 

L}-mpbatic  system,  829.             ^^^^| 

^H            Lenses,    refraction  of    light  by^ 

Malar  hone,  76.                           ^^^H 

■ 

Malleus.  536.                                    '^^M 

^H           Levers  in  the  Body.  144. 

Malpighinn  corpuscles  of  spleen,     H 

^H            LieberkOhn,  crypts  of,  822. 

833.                                                         H 

^U           Liebig's  classification  of  foods. 

Malpighian  layer  of  epidormin,     fl 

^1                426. 

■ 

^K           Liebig's  extract,  126. 

Malpighian  pyramldaof  kidaey.    ^M 

^H           Ligament,   suspensory,  of  lens, 

406.                                                     ■ 

^                491. 

Mammalia,  4.                                       ^M 

Ligament,  round,  95. 

Mundiblo.  76.                                       H 

IJgamcntn,  94. 

Marrow  of  t>one,  88.                            ^M 

Light,  disiiersion  of,  495. 

Marrow,    spinal    (spinal    cord),     ^| 

Light,  propertie.tt  of,  492. 

177.  182.  574.                                     ■ 

Light,  refraction  of,  498. 

ftlaterial  daily  looses  of   Bo4y«    H 

Limbs.  7. 

■ 

Limbs,  skeleton  of.  77. 

Blaxilla.  76.                                           ■ 

Liquid  extract  of  meat.  126. 

Meatus,  external  auditory,  585.         H 

Liquor  sanguinift,  44. 

Mechanisms,  physiological.  36.        ^M 

Liver,  823. 

Medulla  oblongata,  164.  585.              ^M 

Local  sign  of  sensations,  465. 

Media,  refracting,  in  eye.  490.         ^M 

Local  temperatures,  455. 

Medullary  cavity,  88.                          ^f 

Localization    of    cerebral    fiuc- 

Membrane,  basilar.  540.  538:  of 

tions,  591. 

Oescemet,  486;  reticular,  541; 

Localizing  powers  of  retina.  516. 

tectorial.  542;   tympanic.  586. 

Localizing  power  of  akin.  559. 

Metabolic  tissues.  81.  265^          ^^^^ 

Locomotion,  151. 

Metacarpus,  79.                         ^^^H 

Long  (saphenous  vein,  314. 

MeUtarsuH.  79.                            ^^^B 

Ijong  sight.  500. 

Microscopic  anatomy.     &«  His-     B 

Losses  of  material  from  Body. 

tology.                                          ^1 

1                      277. 

Mid-brain,  functiooa  of,  666.          ^M 

Lowes  of  energy  daily,  452. 

Midriir.    Set  Diaphragm.          ^^^| 

H^^^^^BB^^H 

^^^^B                                      HWfX.                                 615        ^H 

Milk.  302. 

respiratory,  300;  secretory.  269.          ^H 

MiUon's  test.  10. 

271;  spinal,  160;  sympathetic,           ^H 

Miicd  diet,  itdvaatagG  of,  305. 

156;    thermic.     457;    trophic,           ^H 

Modalitj  of  sensation.  465,  468. 

273;    vaso-dilator.     257,     271;          ^H 

Modiolus,  54a 

vasomotor,  253.                            ^^^H 

Morula.  3d. 

Nervous  impulses,  196.                     ^^^^| 

Motion.  143. 

Nervous    efystein.    anatomy   of,    ^^^| 

Motor  organs,  118. 

154.                                                     ■ 

Motor  tissues,  33. 

Nervous  system,  physiology  of.          ^H 

Motores  oculi,  16a 

180.                                                        ^M 

Mouth.  308. 

Neural  tube  (dorsal  cavity).  5.                ^H 

MovemenU.  associated.  593. 

Neurilemma,  173.                                  ^H 

Movempntfi,  respiratory,  858. 

Nitrogenous  compounds  in  Body,          ^^| 

Mucin.  12. 

^^1 

Mucous  membranes,  6. 

Nodal  points  of  ey^  506.                ^^^^| 

Mucous  layer  of  epidermis,  412. 

Noises,  542.                                       ^^^| 

Mulberry  muss.  86. 

Non-vascular  tissues.  41.                 ^^^^| 

Mumps,  315. 

Notes,  musical,  542.                        ^^^H 

Musca*  volitBnles,  504. 

Nucleolus,                                       ^^^H 

Muscle,  biceps,  118;  cardiac,  124; 

Nucleus,                                          ^^^^H 

ciliary,    4&1;    stapedius,    638; 

Nutrition.  423.                                  ^^^| 

tensor  tympani.  538. 

Nutritive  tissues,  30.                        ^^^H 

Muscles,  chemistry  of,  124;  histo- 

Occipital bone,  75.                            ^^^H 

logy  of.  122:  of  eyeball.  483; 

Oculo  motor  nerves,  168.                ^^^H 

of  larynx,  599;  of  respiration, 

Odorous  bodies,  570.                        ^^^^| 

359;  physiology  of,  128;  skele- 

(Esophagus, 317.                             ^^^^H 

tal,     117;     structure    of.     116; 

Olecranon,  82.                                   ^^^^| 

visccrul.  123. 

^^^1 

Muscular  sense,  565. 

Olfactory  lobe,  163.                         ^^^f 

Muscular  tissue.  33,  122. 

Olfactory  nerves,  168.                      ^^^H 

Muscular  work,  134,  428. 

Olfactory  organs,  669.                      ^^^H 

Myopia,  500. 

Omentum,  317.                                  ^^^H 

Myosin,  11,  125. 

Ophthalmic  nerve.  170.                           ^^| 

'              Nails.  417. 

Optical  defects  of  eye.  500,  502.             ^H 

Nasal  bone,  76. 

Optic  nerves.  168.                                    ^H 

Negative  yariation,  198,  197. 

Optic  thalami,  163.                          ^^H 

Nerve-cells,  175. 

Organ  of  Corti,  541.                          ^^^| 

Nerve-centres.  156. 177, 183.  673. 

Organs,  2.   34;    of  animal  life,     ^^^H 

Nerve-flbres.  33.  173. 

114;    of    circulation,    201;    of           ^H 

Nerve-fibres,  classification  of,  181 

common    sensation,    463;    of           ^H 

Nerve  plexuses,  156. 

digestion,  808;  of  movement.            ^^k 

Nerve  stimuli,  187. 

113;  of  relation.  114;  of  rcspi             ^H 

Nerves.  154;  cnuiial,   168.   199; 

ration,  852;  of  secretion,  260;    ^^^^ 

cardiac,   248;    laryngeal.   397; 

1 

of  special  sense.  463.  467:  uHn*   ^^^^f 
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arj,   404;   of  yegetative   life. 

114. 
Ofl  calcis,  70. 
Os  ionominatum,  70. 
Os  orbiculare,  687. 
Os  pubis,  79. 
Osmazomc^  801. 
Ossicles,  auditory,  636. 
Otolitlis.  642. 
Oval  foramen,  536. 
Over-feeding,  proteid,  436. 
Over-tones  (upper  partial  tones), 

547. 
Ovum,  26. 

Oxidation  by  stages,  288. 
Oxidations  in  the  Body.  286,  428, 

427. 
Oxygen  in  the  blood.  382. 
Oxygen  consumed  daily.  874. 
Oxyhemoglobin,  879. 
Pacinian  bodies,  656. 
Pain,  567. 
Palate,  809. 
Palate  bones,  76. 
Pancreas.  267,  328. 
Pancreatic  secretion.  341. 
Papillary  muscles,  208.  221. 
PapUlflB  of  tongue,  313. 
Parapcptonc,  845. 
Parietal  bone,  75. 
Parotid  gland,  274,  315. 
Partial  tones,  547. 
Patella.  79. 
Patheticus.  169. 
Patholog3%  1. 
Peas.  803. 
Pectoral  arch,  77. 
Pelvic  arch.  79. 
Pepsin,  338. 
Peptic  glands,  319. 
Peptones,  11. 
Perceptions.   474;     visual.    530; 

auditory,  554. 
Pericardium,  203. 


Perichondrium,  101. 

Perilymph.  688. 

Perimysium,  123. 

Perineurium,  178. 

Periosteum,  86. 

Peripheral    reference    of 
tions.  464.  476. 

Peristaltic  movements,  388. 

Peritoneum,  6. 

Pettcnkofer's  test.  842. 

Phalanges  of  fingers  and  toes.  79, 
80. 

Pharynx.  816. 

Phrenic  nerve,  161, 890. 

Physiology,  1;  of  blood-vessels, 
219;  of  brain,  584;  of  connec- 
tive tissues.  102;  of  digestion, 
834;  of  ear,  550;  of  eye,  506; 
of  heart.  219;  of  kidneys,  409; 
of  muscles.  128;  of  nerves,  180; 
of  nerve-centres,  180,  573;  of 
nutrition,  423;  of  respiration, 
358;  of  skin,  418.  558;  of  smell. 
569;  of  spinal  cord,  574;  of 
taste.  570;  of  touch,  558. 

Physiological  chemistry,  8. 

Physiological  mechanisms.  36. 

Physiological  properties,  16. 

Pia  mater,  157. 

Pineal  gland,  167. 

Pitch  of  notes,  543. 

Pitch  of  voice,  608. 

Pituitary  body,  167. 

Pivot-joints,  97. 

Plastic  foods,  426. 

Pleura,  6,  856. 

Plexus,  156;  brachial.  161;  car- 
diac, 172;  cervical,  161 ;  lum- 
bar.  162;  sacral,  162;  solar, 
172. 

Pneumogaatric  nerves,  171,  396. 

Pons  Varolii.  164.  586. 

Popliteal  artery,  211. 

Portal  circulation,  215.  326. 
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Portal  vein,  824. 

Posterior  tibial  artery,  211. 

Postures,  149. 

Potatoes,  303. 

Potential  energy,  282. 

Pressure,  intra- thoracic,  357, 

Pressure  sense,  558. 

Primates,  3. 

Production  of  beat  in  Body,  449. 

Pronation,  98. 

Proofs  of  circulation,  205. 

Protective  tissues,  34. 

Proteids.  10. 

Proteids,  oxidation  of,  427, 

Protoplasm,  24. 

Psychical  activities  of  cord,  582. 

Psychophysical  law,  473. 

Ptosis,  4a5. 

Ptyalin,  335. 

Puhnonary  circulation.  214. 

Pulmonary  artery,  206. 

Pulmonary  veins,  207. 

Puls(.>,  240. 

Purkinjc's  experiment,  509. 

Pus,  48. 

Pylorus.  317.  319. 

Pyramids  of  Malpighi,  406. 

(^uulities  of  sensation,  4G5. 

Quantity  of  blood,  59. 

Quanlily  of  food  needed  daily, 

;W5.  448. 
Kadial  artery,  210. 
Radio  ulnar  articulation,  97. 
Kadius,  78. 
Iljmjj't:  of  voice,  603. 
\\x\Hi  of  blood  flow.  242. 
Reccptaculimi  cliyli,  330. 
Receptive  tissues,  30. 
Rectum,  332. 

Roil  blood  corpuscles,  44.  59 
RotUice<l  liffimoglobiu.  379 
Reflex  actions,  182.  574. 
Reflex  convulsions,  577. 
Ikflcxcs,  acquired,  687. 


Kefracliug  media  of  eye,  490. 
Refraction  by  lenses,  495. 
Refraction  of  light,  403. 
Refraction  in  the  eye,  497. 
Itegulation  of  temperature,  454. 
Renal  artery,  211. 
Renal  organs,  402. 
Renal  secretion,  409. 
Rennet.  338. 
Reproduction,  19. 
Reproductive  tissues,  84. 
Residual  air,  365. 
Resistance  theory,  895. 
Resonance,  sympathetic,  549. 
Respiration,  20,  352. 
Respiration,  chemistry  of.  379. 
Respiration,  nerves  of,  890. 
Respiratory  centre,  391. 
Respiratory  foods,  426. 
Respiratory  movements,  357. 
liespiratory  sounds.  865. 
Reticular  membrane.  541. 
Rctiform.  (adenoid)    connective 

tissue,  106. 
Retina,  487. 

Rhythmic  movements,  393. 
Ribs,  72. 
Rib  cartilage,  72. 
Rice,  303. 

Right  lymphatic  duel.  330. 
Rigor  mortis,  430. 
Rods  and  cones,  488,  568. 
Round  foramen,  536. 
Ruuning.  158. 
Sacculus,  539. 
Sacral  plexus,  162. 
Sacral  vertebra',  69. 
Saliva,  uses  of.  334. 
Salivary  gland^i,  315. 
Salivary  glands,  nerves  of,  270, 
Salivin  (ptyaliu).  335. 
Suntorini,  cartilages  of.  597 
Sarcolactic  acid,  14,  125. 
3arcolemma.  123. 
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ScaU  of  cochlea,  540. 
Scaleao  muscles,  361. 
Scapula^  77. 
Sciatic  nerve,  162. 
Sclerotic,  486. 
Sebaceous  glands.  418. 
Secondary    (acquired)     reflexes, 

587. 
Secretion,  259. 
Secretion,  cutaneous,  417. 
Secretion,  renal,  409. 
Secretory  tissues,  80,  265. 
Secretory  nerves,  271. 
Sections  of  Body,  6,  7. 
Segmentation  of  ovum.  26. 
Segmentation  of  skeleton,  67. 
Semicircular  canals.  539,  587. 
Semilunar  valves.  208. 
Sensations,  461;  color.  519;  com- 
mon,  463,   567;    intensity  of, 
045;    of  equilibrium,  587;   of 
hunger,   567;    of    thirst,   567; 
peripheral    reference   of,  464, 
476;  qualities  of.  465. 
Sense-organs,  467. 
Sense,  muscular,  565;  of  hearing, 
535;   of  pain,   567;    of  sight, 
506;  of  smell,   569;    of  taste. 
570;  of  temperature,   562;   of 
touch,  558. 
Sensory  illusions,  477. 
Serous  canaliculi.  829. 
Serous  cavities,  330. 
Serous  membranes,  6. 
Scrum.  50.  57. 
Serum  albumin,  11,  57. 
Shin-bone,  79. 
Shingles.  186. 
Short  sight,  500. 
Shoulder-blade,  77. 
Shoulder-girdle,  77. 
Sighing,  402. 
Sight,  sense  of,  506. 
Si^ht,  hy^enc  of,  501. 


Sigmoid  flexure,  828. 

Size,  perception  of,  681. 

Skeleton,  62;  appendiculv,  76; 
axial,  63,  67;  of  face,  72;  of 
skull,  76  i  peculiaritiefl  of  hu- 
man, 84;  of  thorax,  859. 

Skin.  6,  412;  glands  of,  417;  hy- 
giene of,  420;  nerve  endings 
hi,  556. 

Skull,  72. 

Small  intestine,  890. 

Smell,  567. 

Sneezing,  402. 

Solar  plexus,  172. 

Solar  spectrum.  485. 

Solidity,  visual  perception  of, 
533. 

Sounds,  542. 

Sounds  of  the  heart,  232. 

Sounds,  respiratory,  365. 

Source  of  animal  heat,  451. 

Source  of  fats.  441. 

Source  of  glycogen,  440. 

Source  of  muscular  work,  427. 

Source  of  urea,  433. 

Sources  of  energy  to  Body,  288. 

Special  senses,  468. 

Specific  elements,  260. 

Specific  nerve  energies,  191. 

Spectacles.  501. 

Sphenoid  bone,  75. 

Spherical  aberration.  503. 

Spinal  cord,  158;  conduction  in. 
578,  583;  functions  of,  182,  574: 
histology  of,  177;  membranes 
of  157;  psychical  activities  of, 
582. 

Spinal  accessory  nerve,  171. 

Spinal  marrow.    jSs«  Spinal  cord. 

Spinal  nerves,  160. 

Spinal  nerve-roots,  160, 197. 

Spleen.  882. 

Spontaneity,  28. 

Sporadic  ganglia,  173. 
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Sprdns.  99. 

Squlating,  484. 

Stapedius  muscle,  538. 

Btapes,  587. 

Starch.  803;  digestion  of,  885. 

StarvatioD,  proteid,  486. 

Stationary  air.  365. 

Stereoscopic  vision,  683. 

Sternum,  71. 

Stimuli,  muscular,  120;  nervous, 

187. 
Stimulus,  21. 
Stirrup- bone,  537. 
Stomach,  817. 
Stomata,  lymphatic,  880. 
Storage  tissues,  81,  487. 
Strabismus  (squinting),  484. 
Structure  of  bon«,  86. 
Strychnine  poisoning.  577. 
Subclavian  artery,  210. 
Subcutaneous  areolar  tissue,  414. 
Sublingual  gland,  815. 
Submaxillary  gland,  271,  315. 
Succusentericus,  844. 
Sudoriparous  glands,  417. 
Superior  laryngeal  nerve,  897. 
Superior  maxillary  nerve,  170. 
Superior  mesenteric  artery,  211. 
Supination,  98. 
Supplemental  air,  865. 
Supporting  tissues,  29. 
Supra-renal  capsules,  833. 
Sutures,  93. 
Swallowing,  386. 
Sweat,  418. 
Sweat-glands,  417. 
Sweat-glands,  nerves  of,  270. 
Sweetbread,  833. 
Sympathetic  nervous  system,  u, 

156.  172. 
Sympathetic  resonance,  549. 
Sympathetic   resonance   in  car, 

553. 
Synovial  membranes,  95. 


Syntonin,  126. 

System,  alimentary,  808;  circula- 
tory, 201;  muscular,  116,  128; 
nervous,  128,  154;  osseous,  68; 
respiratory,  854;  renal,  405. 

Systemic  circulation,  215. 

Systems,  anatomical,  87. 

Tactile  organs,  556. 

Taking  cold,  459. 

Tarsus,  79. 

Taste,  570. 

Taste-buds,  671. 

Tear-glands,  482. 

Tectorial  membrane,  542. 

Teetb,  809. 

Teeth,  structure  of,  811. 

Temperature  of  Body,  450. 

Temperature,  bodily,  regulation 
of,  454. 

Temperature  sense,  562. 

Temperatures,  local,  455. 

Temporal  artery,  210. 

Temporal  bone,  76. 

Tension  of  blood  gases.  882. 

Tendons,  118. 

Tensor  tympani  muscle,  538. 

Tests  for  proteids,  10. 

Tetanus,  182. 

Theory,  resistance,  395. 

Theory  of  color  vision,  519,  525. 

Thermic  nerves,  457. 

Thigh-bone,  79. 

Thirst.  569. 

Thoracic  duct,  329. 

Thorax,  aspiration  of,  367;  con- 
tents of,  4;  movements  of  in 
respiration,  359;  skeleton  of, 
359. 

Throat,  816. 

Thyroid  body,  838. 

Thyroid  cartilage,  596.  ; 

Thyroid  foramen,  79. 

Thymus,  888. 

Tibia.  79.  
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Timbre,  550. 

Tissues,  2 ,  adenoid,  106;  adipose, 
111; areolar,  102;  assimilative, 
80;  automatic,  82;  cartilagin- 
ous, 100;  couductivc,  83,  183; 
connective,  62, 102;  contractile, 
33, 128;  co-ordinating.  82,578; 
elastic,  104;  elimiDalivc.  80; 
excretory,  80;  irritable,  81; 
jelly-like  conneclivc,  106,  me- 
tabolic, 81,  265;  motor,  33, 
122;  muscular,  88,  128;  ner- 
vous, 173;  nutritive,  80;  pro- 
tective, 84;  receptive,  80;  re- 
productive, 34;  respiratory,  80; 
retiform  or  adenoid,  106;  se- 
cretory, 30,  265;  storage,  81, 437 
supporting,  29;  undifferenli- 
ated,  20;  white  fibrous,  103. 

Tissue-forming  foods,  425. 

Toast.  804. 

Tone,  sensations  of,  542. 

Tone  color  (timbre),  550. 

Tongue,  313. 

Tonsil,  316. 

Touch  organs,  556. 

Touch,  soDsutions  of,  558. 

Trachea.  354. 

Transudata,  259. 

Trigeminal  nerve,  170. 

Trophic  nerves,  273. 

Trypsin,  267,  341. 

Tunica  adventitia,  217. 

Turbinate  bones,  TO. 

Tympanic  bones,  530,  551. 

Tympanic  membrane,  536.  550. 

Ulna,  78. 

Ulnar  artery,  210. 

Undifferentiated  tissues,  29. 

Upper  ma.xilla,  70. 

Urea.  12.  409,  433. 

Ureter.  402. 

Uric  acid,  13. 

Urinary  organs,  402. 


Urine,  409.      '    " 
Utilization  of  energy  in  Body, 
289. 

Utriculus.  539. 

Uvula,  809. 

Vagus  nerve,  171, 896. 

Valve,  ileocolic,  323. 

Valves,  auriculo- ventricular,  208; 
of  veins,  218;  semilunar,  206. 

Valvules  conniventes,  320. 

Vaso-dilator  nerves,  257,  271. 

Vasomotor  centre,  268. 

Vaso  motor  nerves,  253. 

Vegetable  foods,  302. 

Veins,  212,  218;  cephalic,  214 
coronary,  207;  hepatic.  324 
hollow,  207:  mnominate,  214 
jugular,  214;  long  saphenous, 
214;  portal.  324;  pulmonary, 
207. 

Vena  cava,  207. 

Venous  blood,  216. 

Ventilation,  375. 

Ventral  cavity,  4.  6. 

Ventricles  of  brain.  165;  of 
larynx,  598. 

Vermicular  (peristaltic)  move- 
ments, 838. 

Vermiform  upi>eudix,  322. 

Vertebra;.  68;  cervical.  68;  c<x*cy- 
geal,  70;  dorsal,  65,  lumbar. 
09;  sacral,  69. 

Vertebral  artery,  210. 

Vcrlebrnl  column,  63,  70. 

Vertebral  foramen,  68. 

Vcrtebrata,  3. 

Vestibule,  538. 

Vibrations,  analysis  of,  547;  com- 
position of,  546;  pendular,  544; 
sonorous,  542. 

Villi  of  intestine,  821. 

Vision,  color.  519. 

Vision  puri)le,  512. 

Vision,  stereoscopic,  539' 
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Visual  axia,  518 

Visual  contrasts,  535. 

Visual  perceptions,  580. 

Visual  sensations,  606,  519;  dura- 
tion of,  516;  intensity  of,  518. 

Vital  capacity,  366. 

Vitreous  humor,  491. 

Vocal  cords,  597. 

Vocal  cords,  false,  598. 

Voice,  595. 

Vomer,  76. 

Vowels,  60S. 

Walking,  161. 

Wandering  cells,  106. 

Warm-blooded  animals,  449. 

Water,  constituent,  25. 

Water,  percentage  of,  in  Body, 
14. 


Waxing  kernels,  880. 

Weber's  schema,  288. 

Weber's  law,  478. 

Wheat,  803. 

Whipped  blood,  61. 

White  blood  corpuscles,  17,  47, 

59. 
White  fibrous  tissue,  108. 
Windpipe,  854. 
Wrisberg,  cartilage  of,  597. 
Wrist,  79. 

Xantho-proteic  test,  10. 
Yawning,  403. 
Young's  theory  of  color  Tidon, 

519. 
Zoological  position  of  man,  3. 
Zymogen,  368. 
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APPENDIX. 

REPRODUCTION^  AND  DEVELOPMENT. 

Heproduction  in  Oeneral.  In  all  cases  reproduction 
consists,  essentiully,  in  the  separation  of  a  portion  of  living 
matter  from  a  parent;  the  separated  part  bearing  with  it, 
or  inlieriiitigt  certain  tendencies  to  repeat,  with  more  or 
less  variation,  the  life  history  of  its  progenitor.  In  the 
more  simple  cases  a  parent  merely  divides  into  two  or 
more  pieces,  each  reseinhling  itself  except  in  size;  these 
then  grow  and  repeat  the  process;  as,  for  instance,  in 
the  case  of  Amoeba  (see  Zoology),  and  our  own  white 
blood  corpuscles  (p.  18).  Such  a  process  may  be  summed 
up  m  two  words  as  disconiimcous  growth;  the  mass,  instead 
of  increasing  in  size  without  segmentation,  divides  as  it 
grows,  and  so  forms  independent  living  beings.  In  some 
tolerably  complex  multicellular  animals  we  find  essentially 
the  same  thing;  at  times  certain  cells  of  the  fresh-water  Po- 
lype (see  Zoology)  multiply  by  simple  division  in  the  manner 
above  described,  but  there  is  a  certain  concert  between 
them:  they  build  up  a  tube  projecting  from  the  side  of  the 
parent,  a  mouth-opening  forms  at  the  distal  end  of  this, 
tentacles  sprout  out  around  it,  and  only  when  thus  com- 
pletely built  up  and  equipped  is  the  young  Uydra  set  loose 
on  its  own  career.  How  closely  such  a  mode  of  multiplica- 
tion is  allied  to  mere  growth  is  shown  by  other  jwlypes  in 
which  the  young,  thus  formed,  remain  permanently  attached 
to  the  parent  stem,  so  that  a  compound  animal  results. 
This  mode  of  reproduction  {knovdv  ba  gemijiat  ion  or  bud  * 
ding)  may  be  compared  to  tho  method  in  which  many  of 
the  ancient  Greek  colonies  were  founded;  carefully  organ- 
ized and  prepared  at  home,  they  were  sent  out  with  a  doe 
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proportion  of  artificers  of  Tarious  kinds;  so  that  the  nev 
commonwealth  had  from  its  first  separation  a  consider- 
able division  of  employments  in  it,  and  was,  on  a  small 
scale,  a  repetition  of  the  parent  community.  In  the  great 
majority  of  animals,  however,  (even  those  which  at  times 
multiply  by  budding,)  a  different  mode  of  reproduction 
occurs,  one  more  like  that  by  which  our  western  lands  are 
now  settled  and  gradually  built  up  into  Territories  and 
States.  The  new  individual  in  the  political  world  begins 
with  little  differentiation ;  it  consists  of  units,  separated  from 
older  and  highly  organized  Bocieties,  and  these  units  at  first 
do  pretty  much  everything,  each  man  for  himself,  with  more 
or  less  efficiency.  As  growth  takes  place  development  also 
occurs;  persons  assume  different  duties  and  perform  differ- 
ent work  until,  finally,  a  fully  organized  State  is  formed. 
Similarly,  the  body  of  one  of  the  higher  "animals  is,  at  an 
early  stage  of  life,  merely  a  collection  of  undifferentiated 
cells,  each  capable  of  multiplication  by  division,  retaining 
tolerably  evenly  all  its  original  protoplasmic  properties, 
and  with  no  specific  individual  endowment  or  function. 
The  mass  (Chap.  III.)  then  slowly  differentiates  into  the 
various  tissues,  each  with  a  predominant  character  and 
duty;  at  the  same  time  the  majority  of  the  cells  lose  their 
primitive  powers  of  reproduction,  though  exactly  how  com- 
pletely is  a  problem  not  yet  sufficiently  studied.  In  adult 
Vertebrates  it  seems  certain  that  the  white  blood  corpuscles 
multiply  by  division:  and  in  some  cases  (in  the  newts  or 
tritons,  for  example,)  a  limb  is  reproduced  after  amputation, 
but  exactly  what  cells  take  part  in  such  restorative  pro- 
cesses is  uncertain;  we  do  not  know  if  the  old  bone  corpus- 
cles left  form  new  bones,  old  muscle-fibres  new  muscles, 
and  so  on;  though  it  is  probable  that  the  undifferen- 
tiated tissues  (which  we  have  compared — p.  60 — to  youths  on 
the  look-out  for  an  opening  in  life)  build  up  the  new  limb. 
In  Mammals  no  such  restoration  occurs;  an  amputated  leg 
may  heal  at  the  stump  but  does  not  grow  again;  in  the 
healing  processes  the  connective  tissues  play  the  main  part, 
as  we  might  expect;  their  cellular  elements  being  but  little 
modified  from  their  primitive  state  (p.  105)  can  still  mnlti- 
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ply  and  deyelop.  New  blood  ciipillaries,  however,  sprout 
out  from  the  siilca  of  old,  and  new  epidermis  seems  only 
to  be  formed  by  the  multiplication  of  epidermic  cells;  hence 
the  practice,  recently  adopted  by  surgeons,  of  transplanting 
littte  bits  of  skin  to  points  on  the  eurfucc  of  an  extensive 
burn  or  ulcer.  In  both  blood  capillaries  and  epidermis  the 
departure  from  the  primaiy  undifferentiated  cell  is  but 
slight;  and,  aa  regards  the  cuticle,  one  of  the  permanent 
physiological  characters  of  the  cells  of  the  rete  mucositm  is 
their  multijilication  throughout  the  whole  of  life;  that  is 
amain  physiological  characteristic  of  the  tissue:  the  same 
is  very  probably  true  of  the  protoplasmic  cells  forming  the 
walls  of  the  capillaries.  Nerve-fibres  are  highly  differenti- 
ated, yet  nerves  rapidly  unite  after  division;  this,  how- 
ever, occurs  by  modification  of  amoeboid  wanJering  cells 
{p.  106)  which  align  themselves  with  them.  In  Mammals, 
muscular  nnd  glandular  tissues  seem  never  to  bo  reproduced 
after  removal. 

We  tind,  then,  as  we  ascend  in  tho  animal  scale  a  dimin- 
ishing reproductive  power  in  the  tissues  generally:  with  the 
increasing  division  of  physiological  labor,  with  the  changes 
that  fit  pre-eminently  for  one  work,  there  is  a  loss  of  other 
faculties,  and  this  one  among  them.  The  more  specialized 
a  tissue  the  less  the  reproductive  power  of  its  elements,  and 
the  most  differentiated  t  issues  are  either  not  reproduced  at  all 
after  injury,  or  only  by  the  specialization  of  ama?boid  cells, 
and  not  by  a  progenitive  activity  of  survivors  of  the  same 
kind  as  those  destroyed.  In  none  of  the  higher  animala, 
therefore,  do  we  find  multiplication  by  simple  division,  or 
by  budding:  no  ono  cell,  and  no  group  of  cells  used  for  the 
physiological  maintenance  of  the  individual,  can  build  up 
a  new  complete  living  being;  but  the  continuance  of  the 
race  is  specially  provided  for  by  setting  apart  certain 
cells  which  shall  have  this  oue  property — cells  whose  duty 
is  to  the  species  and  not  to  any  one  representative  of  it — an 
essentially  altruistic  element  in  the  otherwise  egoistic  whole. 

Soxual  Reproduction.  In  some  cases,  especially  among 
insects,  the  siteeialiiied  reproductive  cells  aan  develop,  ea<jh 
for  itself,  under  suitable  conditions,  and  give  rise  to  new 
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indiyiduals;  such  a  mode  of  reproduction  is  cbX\i^  parthen- 
ogenesis: but  in  the  majority  of  cases,  and  always  in  the 
higher  animals,  this  is  not  so;  the  fusion  of  two  cells,  or  of 
products  of  two  cells,  is  a  necessary  preliminary  to  develop- 
ment. Commonly  the  coalescing  cells  differ  considerably  in 
size  and  form,  and  one  takes  a  more  direct  share  in  the 
developmental  processes;  this  is  the  egg-cell  or  ovtim;  the 
other  is  the  sperm-cell  or  spermatozoon.  The  fusion  of 
the  two  is  known  as  fertilization.  Animals  producing  both 
ova  and  spermatozoa  are  hermaphrodite;  those  bearing  ova 
on\y,fem^e;  and  those  spermatozoa  only,  wafo;  hermaphro- 
ditism is  not  found  in  Vertebrates,  except  in  rare  and 
doubtful  cases  of  monstrosity. 

Accessory  Beproduotive  Organs.  The  organ  in  which 
ova  are  produced  is  known  as  the  ovary,  that  forming 
spermatozoa,  as  the  testis  or  testicle;  but  in  different  groups 
of  animals  many  additional  accessory  parts  may  be  devel- 
oped. Thus,  in  Mammalia,  the  offspring  is  nourished  for  a 
Considerable  portion  of  its  early  life  within  the  body  of  the 
mother,  a  special  cavity,  the  uterus  or  womb,  beifig  provided 
for  this  purpose:  the  womb  communicates  with  the  exterior 
by  a  passage,  the  vagina,  and  two  tubes,  the  oviducts 
or  Fallopian  tubes,  convey  the  eggs  to  it  from  the  ovaries. 
In  addition,  mammary  glands  provide  milk  for  the  nour- 
ishment of  the  young  in  the  first  months  after  birth.  In 
the  male  mammal  we  find  as  accessory  reproductive  organs, 
the  vasa  deferentia,  which  convey  off  from  the  testes  the 
seminal  fluid,  containing  spermatozoa;  vesicula  seminales 
(not  present  in  all  Mammalia),  in  which  the  semen  accumu- 
lates before  expulsion;  a  prostate  gland,  which  forms  a 
secretion  added  to  the  semen;  and  an  erectile  organ,  the 
penis,  by  which  the  fertilizing  liquid  is  conveyed  into  the 
body  of  the  female. 

The  Male  Reproductiye  Organs.  The  testes  in  man 
are  paired  tubular  glands,  which  lie  in  a  pouch  of  skin  called 
the  scrotum.  This  pouch  is  subdivided  internally  by  a  par- 
tition into  right  and  left  chambers,  in  each  of  which  a  testicle 
lies.  The  chambers  are  lined  inside  by  a  serous  membrane, 
■Mm'ca  vaginalis,  and  this  doubles  back  (like  the  pleura 


STRUCTURE  OF  THE  TESTIS, 


n 


— p.  356 — round  the  lung)  and  covers  the  exterior  of  the 
gland.  Between  the  external  and  reflected  layers  of  the 
tunica  vaginalis  is  a  space  containing  a  small  quantity  of 
lymph. 

The  testicles  develop  in  the  abdominal  cavity,  and  only 
later  (though  commonly  before  birth)  descend  into  the 
scrotum,  pitssing  through  apertures  in  the  muscles,  etc.,  of 
the  abdominal  wa!!,  and  then  sliding  down,  over  the  front 
of  the  pubes,  beneath  the  skin.  The  cavity  of  the  tunica 
vaginalis  at  first  is  a  mere  offshoot  of  the  peritoneal  cavity, 
and  its  serous  membrane  is  originally  a  part  of  the  perito- 
neum. In  the  early  years  of  life  the  passage  along  which 
the  testis  passes  usually  becomes  nearly  closed  up,  and  the 
communication  between  the  peritoneal  cavity  and  that  of 
tho  tunica  vaginalis  is  ali^o  obliterated.  Traces  of  this 
j>asaage  caiij  however,  readily  be  observed  in  male  children; 
if  the  skin  inside  the  thigh  be  tickled  a  muscle  lying 
beneath  the  skin  of  the  scrotum  is 
made  to  contract  reflexly,  and  the 
testis  is  jerked  up  some  way  towards 
the  abdomen  and  quite  out  of  the 
scrotum.  Sometimes  the  passage 
remains  permanently  open  and  ucoil 
of  iuteatiuD  may  descend  along  it 
and  enter  the  scrotum,  constituting 
an  inguinal  hernia  or  rupture,  A 
hydrocele  is  an  excessive  accumula- 
tion of  liquid  in  the  serous  cavity  of 
the  tunica  vaginalis. 

Beneath  its  covering  of  serous 
membrane  each  testis  has  a  proper 
fibrous  tunic  of  its  own.  Thisforms 
a  thick  mass  on  the  posterior  side  of 
the  gland,  from  which  partitions  or 
septa  («,  Fig- 160)  radiate,  suklivid- 
ing  the  gland  into  many  chambers. 
several  gr«itly  coiled  seminiferous  tubules,  a,  a.  averaging 
in  length  0.68  meters  (27  inches)  and  in  diameter  only 
0.14  nun.  {j\-g  inch).     Their  total  number  in  each  gland  is 


Fto.  100.— I>U|rFun  of  a 
vertical  section  uirou|rh  the 
testis,  a.  a,  tubiill  Brmlni- 
feri;  6.  ratiA  rectA;  d,  vaiM 
effforetitla  eo«Iiii>;  In  the 
coni  va«aulo«i:  «,  f,  epldi- 
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about  800.  Near  the  posterior  side  of  the  testis  the  tubules 
unite  to  form  about  20  vasa  recta  {h),  and  these  pass  out  of 
the  gland  at  its  upper  end,  as  the  vasa  efferentia  (d),  which 
become  coiled  up  into  conical  masses,  the  coni  vasculosi; 
these,  when  unroUed,  are  tubes  from  15  to  20  cm.  (6-8 
inches)  in  length;  they  taper  somewhat  from  their  com- 
mencements at  the  vasa  efferentia,  where  they  are  0.5  mm. 
(^  inch)  in  diameter,  to  the  other  end  where  they  termi- 
nate in  the  epididymis  {e,  e.  Fig.  160).  The  latter  is  a  nar- 
row mass,  slightly  longer  than  the  testicle,  which  lies 
along  the  posterior  side  of  that  organ,  near  the  lower  end 
of  which  \g)  it  passes  into  the  vas  deferens^  h.  If  the 
epididymis  be  carefully  unrareled  it  is  found  to  consist  of 
a  tube  about  6  meters  (20  feet)  in  length,  and  varying  in 
diameter  from  0.35  to  0.25  mm.  (^  to  ^  inch). 

The  vas  deferens  (A,  Fig.  160)  commences  at  the  lower 
part  of  the  epididymis  as  a  slightly  coiled  tube,  but  it  soon 
becomes  straight  and  passes  up  beneath  the  skin  covering 
the  inner  part  of  the  groin,  till  it  gets  above  the  pelvis  and 
then,  passing  through  the  abdominal  walls,  turns  inwards, 
biickwards,  and  downwards,  to  the  under  side  of  the  urinary 
bladder,  where  it  joins  the  duct  of  the  seminal  vesicle;  it  is 
about  0.6  meters  (2  feet)  in  length  and  2.5  mm.  (^  inch) 
in  diameter. 

The  vesiculm  seminales,  two  in  number,  are  membranous 
receptacles  which  lie,  one  on  each  side,  beneath  the  bladder, 
between  it  and  the  rectum.  They  arc  commonly  about  5 
cm.  (2  inches)  long  and  a  little  more  than  a  centimeter 
wide  (or  about  0.5  inch)  at  their  broadest  part.  The  nar- 
rowed end  of  each  enters  the  vas  deferens  on  its  own  side, 
the  tube  formed  by  the  union  being  the  ejaculaiory  duct, 
wliich,  after  a  course  of  about  an  inch,  enters  the  urethra 
near  the  neck  of  the  bladder. 

The  prostate  gland  is  a  dense  body  about  the  size  of  a 
chestnut  which  surrounds  the  commencement  of  the  ure- 
thra; the  ejaculatory  ducts  pass  through  it.  It  is  largely 
made  up  of  fibrous  and  unstriped  muscular  tissues,  but 

■»tains  also  a  number  of  small  secreting  saccules  whose 
1  open  into  the  urethra. 
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The  moh  urethra  leads  from  the  bladder  to  the  end  of 
the  penis,  where  it  terminates  in  an  opening,  the  meatus 
urinarius*  It  is  described  by  anatomists  as  made  up  of  three 
portions,  the  prostatic,  the  membranous,  and  the  spongy. 
The  first  ia  surrounded  by  the  prostate  gland  and  receives 
the  ejaculutory  ducts.  On  its  posterior  wall,  close  to  the 
bladder,  is  an  elevation  containing  erectile  tissue  (see  below) 
and  supposed  to  be  dilated  during  aoxual  congress,  so  as  to 
cut  off  the  passage  to  the  urinary  receptacle.  On  this  crest 
is  an  openmg  leading  into  a  small  recess,  the  utricle,  which 
ia  of  interest,  since  the  study  of  Embryology  shows  it  to  be 
ftQ  andeveloped  male  uterus.  The  succeeding  membranous 
portion  of  the  urethra  is  about  1.8  cm.  {{  inch)  long;  the 
spongy  portion  lies  in  the  penis. 

The  penis  ia  composed  mainly  of  erectile  tissue,  i,e, 
tissues  so  arranged  as  to  inclose  cavities  which  can  be  dis- 
tended by  blood.  Covered  outside  by  the  skin,  internally 
it  is  made  up  of  three  elongated  cylindrical  masses,  two  of 
which,  the  corpora  cavernosa,  lie  on  its  anterior  side;  the 
third,  the  corpus  spongiosum^  surrounds  the  iiretlxra  and 
lies  on  the  posterior  side  of  the  organ  for  most  of  its  length; 
It.  however,  aloue  forms  the  terminal  dilatation,  or  ^/ww*,  of 
the  penis.  Each  corpus  cavernositm  is  closely  united  to  its 
fellow  iu  the  middle  line  and  extends  from  the  pubic  bones, 
to  which  it  is  uttacbt'd  behiud,  to  the  glans  penis  in  front 
It  is  enveloped  in  a  dense  connective-tissue  cajisule  from 
which  numerous  bars,  containing  white  fibrous,  elastic,  and 
uustriped  muscular  tissues,  radiate  and  intersect  in  all 
directions,  dividing  its  interior  into  many  irregular  cham- 
bers called  venous  sinuses.  Into  these  arteries  convey  blood, 
which  IS  carried  off  by  veins  springing  from  them. 

The  arteries  of  Hie  penis  are  gupplied  with  vaso-dilator 
nerves  (p.  257),  the  nervi  ertgentes,  from  the  sacral  plexus 
(p.  162).  Under  certain  conditions  those  are  stimulated 
and,  the  arteries  expanding,  blood  is  jjoured  into  the 
venous  sinuses  faster  than  the  veins  drain  it  off:  the  latter 
are  probably  also  at  the  same  time  compressed  where  they 
leave  the  penis  by  the  contraction  of  certain  mnsclcs  passing 
over  them;  the  organ  then  becomes  distended,  rigid,  and 
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erect.  The  co-ordinating  centre  of  erection  lies  in  the  Imabtir 
region  of  the  spinal  cord,  and  may  be  excited  reflexlj  bji 
mechanical  stimulation  of  the  penis,  or  under  the  influenco 
of  nervous  impulses  originating  in  the  brain  and  associated 
with  sexual  emotions.  The  corpus  spongiosum  resembles 
the  corpora  caremosa  in  essentisd  structure  and  function. 
The  skin  of  the  penis  is  thin  and  forms  a  simple  layer 
for  some  distance,  but  towards  the  end  of  the  organ  separates 
and  forms  a  fold,  the  prepuce,  which  doubles  back,  and, 
becoming  soft,  moist,  red,  and  very  vascular,  covers  the 
glans  to  the  meatus  urinarius,  where  it  becomes  continu- 
ous with  the  mucous  membrane  of  the  urethra;  in  it,  near 
the  projecting  posterior  rim  of  the  glans,  are  imbedded 
many  sebaceous  glands. 

Hifltology  of  the  Testis  and  its  Seoretioii.  Each  semi- 
niferous tubule  consists  of  a  basement  membrane,  sup- 
porting an  epithelium,  which  in  early  life  forms  a  definite 
lining  to  the  tube;  in  the  adult  the  cells  multiply  so  as  to 
nearly  fill  the  cavity.  From  these  cells  the  spermatozoa 
are  formed.  The  seminal  fluid  is  an  albuminous  liquid  con- 
^  taining  granules  and  spermatozoa;  exam- 

ined with  the  microscope  the  latter  are  seen 
as  rapidly  moving  minute  objects  (Fig.  161) 
each  consisting  of  a  broad  flattened  bod^ 
and  a  slender  vibratile  tail  or  cilium;  they 
are  about  0.04  mm.  {j^^^  inch)  in  length. 
The  seminal  fluid  is  not  fully  formed  when 
it  leaves  the  seminiferous  tubules;  com- 
pletely developed  spermatozoa  are  first 
found  in  the  vasa  recta,  and  even  in  the 
contents  of  the  vas  deferens  cells  are  often 
found  which  have  not  yet  finished  the  pro- 
duction of  a  spermatozoon;  probably,  therefore,  the  fertil- 
izing liquid  is  first  fully  elaborated  in  the  vesiculse  semi- 
nales. 

The  Reproductive  Organs  of  the  Female.  Each  ovary 
(o,  Fig.  162)  is  a  dense  oval  mass  about  3.25  cm.  (1.5 
inches)  in  length,  2  cm.  (0.75  inch)  in  width  and  1.27  cm. 
(0.6  inch)  in  tbicknessj  it  weighs  from  4  to  7  gnuns 


—Sper- 
matozoa, magni- 
fled  SSO  diametars. 
a,  viewed  from  the 
side ;  6,  seen  from 
above. 
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(60-100  grains).  Tho  organs  lie  in  the  pelric  cavity 
envelojxjd  in  a  fold  of  peritoneum  (the  broad  Uyament),  and 
receive  blood-vessels  and  nerves  along  one  border.  From 
time  to  time  ova  reach  the  surface,  hurst  through  the  envel- 
oping peritoneum,  and  are  received  by  the  wide  fringed 
aperture,  fi,  of  tho  oviduct  or  FaHopiun  tube,  od.  Tliia 
tube  narrows  towards  its  inner  end»  where  it  communicates 
with  the  nterufl,  and  is  lined  hy  a  mucous  membrane,  cov- 
ered by  ciliat^  epithelium;  plain  muscular  tissue  is  also 
developed  in  its  wall.  The  uterus  [u,  c.  Fig.  162)  is  a  hol- 
low organ,  with  relatively  thick  muscular  walls  (left  un- 
shaded in  the  figure)  which  contains  the  foetus  during 


^^H  Fto.  IQS.— The  ut«nia.  In  section,  with  thn  right  Fallopian  tub«  naA  oruy,  mm 
^^P  BMin  front  tx^hind,  about  S  the  natural  «lzc.  «.  upper  part  ot  uterus:  c,  cervix, 
^^^  opposite  the  ot  intrrnum:  v.  upper  part  of  Ta^ioa:  w,  Fallopian  tube;  fi,  tt« 
flmbriatetl  extremity;  /w,  parovarium. 

pregnancy  and  expels  it  at  birth;  it  lies  in  tho  pelvis  between 
the  urinary  bladder  and  the  rectum  (Fig.  163);  the  Fallo- 
pian tubes  open  into  its  upper  corners.  It  ia  free  above, 
but  its  lower  end  is  attached  to  and  projects  into  the  vagina. 
In  the  fully  developed  virgin  state  the  organ  is  somewhat 
l>ear-shaped,  but  flattened  from  before  back ;  alxmt  7.5 
cm.  (3  inches)  in  length.  5  cm,  {2  inches)  in  breadth  at 
its  upper  widest  part,  and  2,5  cm.  (1  inch)  in  thickness; 
it  weighs  from  25  to  42  grams  ( J  to  1  }■  oz. ).  The  upper  wider 
portion  of  tho  womb  is  known  as  its  bodjp  the  cavity  of  this 
is  produced  at  each  side  to  meet  the  openings  of  the  Fallo- 
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plan  tubes,  and  narrows  below  to  the  neck,  or  cervix  uttriy 
opposite  Q  (l*ig.  162),  the  cumrauuication  between  neck  and 
body  canities  being  known  vl&  the  on  uiiernuvu  Below  this 
the  neck  dilutes  somewhat.  The  lowest  part  of  the  cervix 
reaches  into  the  vagina  and  communicates  with  it  by  a 
transverse  aperture,  the  o«  utcrt.  On  account  of  the  thick- 
ness of  the  uterine  walls  the  cavity  of  the  organ  is  very  small 


Fio.  Ifi3.— The  TlacfT*  of  the  fcniftle  pelTls  aseiTMaed  br  a  dono-Tentrftl  me- 

bJ«;  V.  »*.  urtaAiT  hlAtl 
r,  r*.  rectum:  a,  naai  oponiay;  l.  rtfftit 


dian  section,  p,  upper  end  of  sacrum 
dtT;  n.unrthrft;  u,  uterufi;  va,  vni^M 
I.  k.h 


eymphysia  pubis;  v,  v*. 
,  r*.  rectum ;  a, 
iftbium  major;  n,  right  ujmphA;  K,  h.vmen,  ci,  divided  clltori*. 


in  the  unimpregnated  state.  During  parturition  thcfwlus 
develops  in  the  body  of  the  womb,  which  becomea  greatly 
enlarged  and  rises  high  into  the  abdomen:  the  virgin  womb 
lies  mainly  below  the  level  of  the  bones  of  tJje  jwlvis. 

The  chief  bulk  of  the  uterus  consists  of  plain  muscular 
tissue;  but  it  is  lined  internally  >)y  a  ciliated  mucous  mem* 
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brane,  and  is  covered  externallj  by  the  peritoneum,  bands 
of  which  project  from  each  side  of  it  as  the  broad  ligaments 
{li,  Fig.  1G2).  OpGuiiig  on  the  mternal  mucous  membrane 
are  the  mouths  of  closely  set,  simple  or  slightly  branched, 
tabular  glands. 

The  vagina  is  a  distensible  passage,  extending  from  the 
uterus  to  the  exterior;  dorsally  it  rests  on  the  rectum,  and 
Tentrally  is  in  contact  with  the  bladder  and  urethra.  It  is 
lined  by  mucous  membrane,  containing  mucous  glands,  and 
ontside  this  is  made  up  of  areolar,  erectile,  and  unstriped 
muscular  tissues.  Around  its  lower  end  is  a  riug  of  striated 
muscular  tissue,  the  sphincter  vaguia. 

The  vulva  is  a  general  term  for  all  the  portions  of  the 
female  generative  organs  visible  from  the  exterior.  Over 
the  front  of  the  pelvis  the  skin  is  elevated  by  adipose  tissue 
beneath  it,  and  forms  the  nums  Veneris,  From  this  two  folds 
of  skin  (/,  Fig.  1(53),  the  labia  majora^  extend  downwards 
and  backwards  on  each  side  of  a  median  cleft,  beyond  which 
they  again  unite.  On  separating  the  labia  majura  a  shallow 
gniito-nrinanj  sinus,  into  which  the  urethra  and  vagina 
open,  is  exposed.  At  the  up|)er  portion  of  this  sinus  lies 
the  clitoris,  a  small  and  very  ppiisiiivc  erectile  organ,  resem- 
bling a  miniature  penis  in  structure,  except  that  it  h»is  no 
corpus  spongiosum  and  is  not  traversed  by  the  urethra. 
From  the  clitoris  descend  two  folds  of  mucous  membrane, 
the  nymphm  or  labia  interna,  between  which  is  the  vestibule, 
a  recess  containing,  above,  the  opening  of  the  short  female 
urethra,  and,  below,  the  aperture  of  the  vagina,  which  is  in 
the  virgin  more  or  less  closed  by  a  thin  duplicatnre  o£  mu- 
cous nienibnine,  tlie  hymfi.n. 

Zficrosoopic  Structure  of  the  Ovary.  The  main  masa 
of  the  ovary  consists  of  a  close  connective-tissue  titromay 
containing  unstriped  muscle,  blood-vessels,  and  nerves:  M 
is  covered  externally  by  a  |>ccnliar  germinal  epiikehum, 
and  contains  imbedded  m  it  many  minute  cavities,  the 
Graafian  follicles,  in  which  ova  lie.  If  a  thin  section  of  an 
ovary  be  examined  with  the  micro3co]>e  many  hundreds  of 
small  Graafian  follicles,  each  about  0.25  mm.  (jj^  inch)  in 
diameter,  will  be  found  imbedded  In  it  near  the  surface. 
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These  are  lined  by  cells,  and  each  contains  a  single  OTum, 
Deeper  in,  larger  follicles  (7,  8,  9,  Fig.  164)  are  seen,  their 
cavities  being  distended,  during  life,  by  liquid:  m  these  the 
essentia]  structure  may  be  moi-e  readily  made  out.  £ach 
has  an  external  fibrous  coat  constituted  by  a  more  dense 
layer  of  the  ovarian  stroma;  within  this  come  several  layers 
of  lining  cells  (9,  a,  Fig.  164)  constituting  the  membrann 
granulosa.  At  one  point,  b,  the  cells  of  this  layer  are  heaped 
up,  forming  the  discus  proltgerus,  which  projects  into  the 


Fra.  IM.— ABPoHonof  «MammalUnOT»rT.  ««ndd*T»WynuMn»IflM.  1. 
cupwTileof  OTM"  :  •*.  \  T.  irtrnmn;  A.  hlocxi-TMselR;  ft.  nirtlin*'iitArT  Graaflan  fol- 
IIpIm:  «.  T,  R,  ro11lrli-i  tx^innlne  to  enUrve  atul  inntiirp,  nnd  reredlnR  from  (h« 
nirface:  ».  a nearlv  riiw  follicle  which  Is  a^aln  travrlinK  ti.wftnU  thf  surface 
pr«paratary  to  dl^-VinnrinK'  tli*  nviim:  a.  mfmhrana  cranuloRa.  b.  dincnapro- 
Uirarua;  c,  oTiim.  with.  rf.  irfmifnn.1  v#^pIp  nnd.  t.  (wrminnl  t^pot.  Tlie  tteoetal 
oaTity  of  the  follicle  (tn  which  9  to  printed)  U  Oiled  with  liquid  during  life. 

liquid  filling  the  cavity  of  the  follicle.  In  the  discus  proli- 
gerus  the  ovum,  r.  lies,  having  in  it  a  nnclens  or  (jerminal 
vesicle,  rf,  and  a  nucleolus  or  germinal  spot,  e.  The  ovum 
is  about  0.2  mm.  (^Jo  inch)  in  diameter;  its  structure  is 
better  represented  at  A,  Fig.  8*,  where  it  is  seen  to  consist 
of  a  thick  outer  coat  or  cell-wall,  a,  called  the  vitf^Utne 
membrane  or  zona  peUucida;  within  which  is  the  granular 
cell  protoplasm,  called  here  the  WM/«<  or  y*/^;  and  in  that 
again  the  germinal  vesicle  and  spot, 

*  Page  S6. 
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Puberty.  Tlie  condition  of  tbe  reproductive  organs  of 
each  sex  described  above  is  that  found  in  adults;  although 
mapped  out,  and,  to  a  certain  extent,  developed  before 
birth  and  daring  childhood,  these  parts  grow  but  slowly  and 
remain  functionally  incapable  during  the  early  years  of  life: 
then  they  comparatively  rapidly  incre:ise  in  size  and  become 
physiologically  active:  the  boy  or  girl  becomes  man  or 
woman. 

This  period  of  attaining  sexual  maturity,  known  as  pu- 
berty, takes  place  from  the  eleventh  to  the  sixteenth  year 
commonly,  and  is  accompanied  by  changes  in  many  parts 
of  the  Body.  Hair  grows  more  abundantly  on  the  pubes 
and  genital  organs,  and  in  the  armpits;  in  the  male  also  on 
various  parts  of  the  face.  The  lad's  shoulders  broaden;  his 
larynx  enlarges,  and  lengthening  of  the  vocal  cords  causes 
a  fall  in  the  pitch  of  bis  voice;  all  the  reproductive  organs 
increase  in  size;  fully  formed  seminal  fluid  is  secreted, 
and  erections  uf  the  penis  occur.  As  these  changes  ai'e 
completed  spontaneous  nocturnal  seminal  emi&jious  take 
place  from  time  to  time  during  sleep,  being  usually  associ- 
ated with  voluptuous  dreams.  Many  ayoung  man  is  alarmed 
by  these;  he  has  been  kept  in  ignorance  of  the  whole  mat- 
ter, is  too  bashful  to  speak  of  it,  and  getting  some  quack 
advertisement  thrust  into  his  hand  in  the  street  is  alarmed 
to  learn  that  his  strength  is  being  drained  off.  and  that  he 
is  on  the  high-road  to  idiocy  and  impotence  unless  he 
place  himself  in  the  hands  of  the  advertiser.  Lads  at  this 
period  of  life  should  have  been  tjiught  that  such  emissions, 
when  not  too  frequent  and  not  excited  by  any  voluntary  act 
of  their  own,  are  natural  and  healthy.  They  may,  however, 
occur  too  often;  if  there  is  any  reason  to  suspect  this,  the 
family  physician  should  be  consulted,  as  the  healthy  activity 
of  the  sexual  organs  varies  so  much  in  individuals  us  to  make 
it  impossible  to  lay  down  numerical  rules  on  the  subject. 
The  best  preventives  in  any  case  are,  however,  not  drugs, 
but  an  avoidance  of  too  warm  and  soft  a  bed,  plenty  of 
muscular  exercise,  and  keeping  out  of  the  way  of  anything 
likely  to  excite  the  sexual  instincts. 

In  the  woman  the  pelvis  enlarges  considerably  at  puberty^ 
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and,  commonly,  more  subcutaneous  adipose  tissue  derelops 
oyer  the  Body  generally,  but  especially  on  the  breasts  and 
hips;  consequently  the  contours  become  more  rounded. 
The  external  generative  organs  increase  in  size,  and  the 
clitoris  and  nymphse  become  erectile.  The  uterus  grovs 
considerably,  the  ovaries  enlarge,  some  Graafian  follicles 
ripen,  and  the  events  treated  of  in  the  succeeding  paragraphs 
occur. 

Orulation.  From  puberty,  during  the  whole  child- 
bearing  period  of  life,  certain  comparatively  very  large 
Graafian  follicles  may  nearly  always  be  found  either  close 
to  the  surface  of  the  ovary  or  projecting  on  its  exterior. 
These,  by  accumulation  of  liquid  within  them,  have  become 
distended  to  a  diameter  of  about  4  mm.  (^  inch);  finally,  the 
thinned  wall  of  the  follicle  gives  way  and  the  ovum  is  dis- 
charged, surrounded  by  some  cells  of  the  discus  proligeros. 
The  emptied  follicle  becomes  filled  up  with  a  reddish-yellow 
mass  of  cells,  and  constitutes  the  corpus  luteum,  which 
recedes  again  to  the  interior  of  the  ovary  and  disappears  in 
three  or  four  weeks,  unless  pregnancy  occurs;  in  that  case 
the  corpus  luteum  increases  for  a  time,  and  persists  during 
the  greater  part  of  the  gestation  period. 

Menstruation.  Ovulation  occurs  during  the  sexual  life 
of  a  healthy  woman  at  intervals  of  about  four  weeks,  and  is 
attended  with  important  changes  in  other  portions  of  the 
generative  apparatus.  The  ovaries  and  Fallopian  tubes 
becomes  congested,  and  the  fimbriae  of  the  latter  are  erected 
and  come  into  contact  with  the  ovary  so  as  to  receive  any 
ova  discharged.  Whether  the  fimbriae  embrace  the  ovarv 
and  catch  the  ovum,  or  merely  touch  it  at  various  points 
and  the  ova  are  swept  along  them  by  their  cilia  to  the 
cavity  of  the  oviduct,  is  not  certain.  Having  entered  the 
Fallopian  tube  the  egg  slowly  passes  on  to  the  utems, 
probably  moved  by  the  cilia  lining  the  ovidact;  its  descent 
probably  takes  about  four  or  five  days;  i  f  not  fertilized,  it  dies 
and  is  passed  out.  In  the  womb  important  changes  occnrat 
orabout  the  periods  of  ovulation;  its  mucous  membrane  be- 
-'^mes  swollen  and  soft,  and  minute  hemorrhages  occur  in  its 
auoe.  Unless  an  impi-egnated  ovum  enters  the  cavitv  the 
€cial  lavers  of  the  uterine  mucous  membrane  are  then 


MSySTIiCATIOX 


U 


I 


broken  down,  and  dii^hurged  along  with  more  or  less  bloody 
constituting  tlie  vietues,  or  monthly  sickncas,  which  com- 
monly lasts  from  three  to  five  days.  During  this  time  the 
vaginal  scLTotion  is  also  increased,  and,  mixed  with  the 
Moi>d  discharged,  more  »jr  less  altem  its  color  and  usually 
destroys  its  coagulating  i>ower.  Except  during  pregnancy 
and  while  suckling,  menstruation  occurs  at  the  above 
intervals,  from  puberty  up  to  about  the  forty-fifth  year; 
the  periods  then  become  irregular,  and  finally  the  discharges 
cease;  this  is  an  indication  that  ovulation  has  cumc  to 
an  end,  and  the  sexual  life  of  the  woman  is  completed. 
This  time,  the  dimacttric  or  **  turn  of  life,''  is  a  critical 
one;  various  local  disorders  are  apt  to  supervene,  and  even 
mental  denmgenient. 

Hygiene  of  Menstruation.  During  menstruation  there 
is  apt  to  be  more  or  less  general  discomfort  and  nervous  irri- 
t4il>ility;  the  woman  is  not  quite  herself,  and  thoso  respon- 
sible for  her  happiness  ought  to  watch  and  tend  her  with 
special  solicitude,  forbearance,  and  tenderness,  and  protect 
"her  from  anxiety  and  agitation.  Any  strong  emotion, 
especially  of  a  disagreeable  character,  is  ajjt  to  check  the 
flow,  and  this  is  always  liable  to  be  followed  by  serious  con- 
fiCfquences.  A  sudden  ciiill  often  has  the  same  eilcct;  heuco 
a  menstruating  woman  ought  always  to  be  wiirmly  dud,  and 
take  more  than  usual  care  to  avoid  draughts  or  getting  wet. 
At  these  periods,  also,  the  uterus  is  enlarged  and  heavy,  and 
being  (as  may  be  seen  in  Fig.  163)  but  slightly  supported, 
and  tliat  near  its  lower  end,  it  is  especially  apt  to  be  dis- 
plac(Hl  or  distorted;  it  may  tilt  forwards  or  sideways  (ver- 
sions of  the  uterua),  or  be  bent  where  the  neck  and  body  of 
the  organ  meet  (flexion).  Hence  violent  exorcise  at  tliis 
time  should  be  avoided,  though  there  is  no  reiuton  why  a 
properly  dad  woman  should  not  take  iier  usual  daily  walk* 

Fainfu]  menstruation  (dysmcnorrhwa)  may  be  due  to  very 
many  causes,  but  it  is  only  within  recent  years  that  physi- 
cians have  come  to  recognize  how  often  it  depends  on  uterine 
disi)lacement8,  and  in  such  cases  how  readily  it  may  usually 
be  remedied  by  restoring  the  organ  to  its  proper  position, 
and  supporting  it  there  if  necessary.     A  flexion  of  the  organ 
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closes  the  passage  of  the  cervix  and  is  especially  apt  to  cause 
pain  at  the  menstmal  period.  The  accmnuk^ed  blood 
distends  the  uterus,  which  makes  violent  contractions  to 
expel  it;  finally,  if  the  resistance  is  overcome,  the  blood  has 
probably  already  clotted  and  its  expulsion  causes  more  suf- 
fering. All  this  might  usually  be  soon  remedied,  but  the 
sufferer,  ignorant  of  what  is  wrong,  often  goes  on  month 
after  month  until  her  health  is  undermined,  hoping  that 
the  trouble  will  get  better  of  itself,  which  it  never  wilL 
To  submit  to  the  necessary  examination  and  treatment  from 
one  of  the  other  sex  is,  however,  to  a  refined  woman  apt  to 
be  a  more  severe  trial  than  all  the  physical  pain;  and  ^ere 
is  no  recent  social  movement  more  deserving  of  every  en- 
couragement and  support  than  that  whose  aim  is  to  provide 
properly  trained  female  medical  attendance  for  women  in 
the  diseases  peculiar  to  their  sex;  such  as  may  now,  fortu- 
nately, be  found  in  most  of  our  large  cities.  Few  except 
physicians,  and  perhaps  few  physicians,  know  what  an 
amount  of  relievable  pain  women  endure  in  silence  rather 
than  run  the  risk  of  being  forced  to  consult  a  male  doc- 
tor. If  no  skilled  person  of  her  own  sex  is  at  hand  the 
sufferer,  if  she  do  anything,  is  only  too  apt  to  take  some  of 
the  nostrums  advertised  in  such  number  for  "female  com- 
plaints/' or  to  consult  a  half-educated  lady  quack  of  some 
novel  ** school"  with  a  taking  title.  The  result  of  doing 
this,  or  doing  nothing,  is  often  permanent  valetudinarianism 
and  a  life  of  uselessness,  to  those  who  might  be  active  and 
happy  wives  and  mothers. 

The  absence  of  the  menstrual  flow  {amenorrhea)  is  nor- 
mal during  pregnancy  and  while  suckling;  and  in  some  rare 
cases  it  never  occurs  throughout  life,  even  in  healthy  women 
capable  of  child-bearing.  Usually,  however,  the  non- 
appearance of  the  menses  at  the  proper  periods  is  a  serious 
symptom,  and  one  which  calls  for  prompt  measures.  In 
all  such  cases  it  cannot  be  too  strongly  impressed  upon 
women  that  the  most  dangerous  thing  to  do  is  to  take  drugs 
tending  to  induce  the  discharge,  except  under  skilled  advice; 
to  excite  tlio  flow,  in  many  cases,  as  for  example  occlusion 
t  the  OB  uteri,  or  in  general  debility  (when  its  absence  is 
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a  conservative  effort  of  the  sjstem),  may  be  the  most  dis- 
astrous thing  to  do. 

ImpregnAtion.  Aa  the  ovum  descends  the  Fallopian  tnbe 
the  changes  preliminary  to  menstruation  are  taking  phice 
in  the  uterus.  Its  mucous  membrane  i«  thickened,  all  the 
generative  organs  of  the  woman  arc  more  or  leas  congested, 
and  her  sexual  emotions  are  commonly  more  easily  aroused. 
Unless  the  act  of  coition  occur  all  this  passes  off  with  the 
menstrual  fiux»  and  the  organs  return  to  a  quiet  state  until 
the  period  of  the  next  ovulation.  If  sexual  congress  takes 
place  the  vagina,  uterus,  and  oviducts  are  thrown  into 
reflex  peristaltic  contractions;  and  there  is  frequently  an 
mcreased  secretion  by  the  vaginal  mucous  membrane. 
Some  of  the  seminal  fluid  is  received  into  the  uti.>rino  cavity, 
and  there,  or  more  probably  lu  the  Fallopian  tube,  meets 
the  ovum.  The  spermatozoa  are  curried  along  partly, 
perhaps,  by  the  contractions  of  the  muscular  walla  of  the 
female  cavities,  but  mainly  by  their  own  activity;  from 
observations  made  on  various  lower  animals  it  appears  that 
their  movements  cease  immediately  on  coming  into  contact 
with  the  ovum»  and  that  one  only  takes  part  m  fertilization. 
How  this  lattei  occurs  m  the  mumiualiau  ovum  is  not  cer- 
tain; observations  in  other  groups  make  it  probable  that 
the  male  element  directly  fuses  in  whole  or  part  with  the 
protoplasmic  miiss  of  tlio  ovum,  but  no  opening  has  been  de- 
tected in  the  zona  poUncidaof  the  mammalian  ovum,  which 
is  so  thick  and  Arm  that  it  is  hard  to  imagine  a  spermato- 
zoon otherwise  penetrating  it;  some,  therefore,  are  mclined 
to  suppose  that  material  is  merely  passed  by  dialysis  from 
the  spermatozoon  into  the  egg-cell. 

The  fertilized  ovum  continues  its  descent  to  the  uterine 
cavity,  but,  instead  of  lying  dormant  like  the  unfertilized, 
segments  (p.  26),  and  forms  a  morula.  This,  entering  the 
womb,  becomes  imbedded  in  the  soft,  thickened,  vascular 
mucous  membrane  there,  from  which  it  imbibes  nourish- 
ment, and  which,  instead  of  being  cast  off  in  a  menstrual 
disciiarge,  is  now  retained  and  grows  during  the  whole  of 
pregnancy,  having  important  duties  to  discharge  in  connec- 
tion with  the  nutrition  of  the  embryo. 
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Sexual  congress  is  most  apt  to  be  followed  by  pr^nancj 
if  it  occar  immediately  before  or  after  a  menstrual  period; 
at  those  times  a  ripe  orum  will  likely  be  in  the  Fallopian 
tube,  near  the  upper  end  of  which  it  is  probably  fertilized 
in  the  majority  of  cases.  There  is  some  difference  of 
opinion  as  to  whether  the  rupture  of  the  Graafian  follicle 
occurs  most  frequently  immediately  Ix'fore  the  appearance 
of  the  menstrual  flow,  or  towards  its  close;  but  the  pre- 
ponderance of  evidence  favors  the  latter  view;  if  this  be  so 
coition  will  occur  under  the  most  favorable  conditions  for 
conception  if  it  take  place  on  the  day  following  the  cessation 
of  a  menstrual  period.  There  is,  however,  evidence  that 
ova  are  occasionally  discharged  at  other  than  the  regular 
monthly  periods  of  ovulation.  There  is,  therefore,  no  time 
during  a  woman's  life  from  puberty  to  the  climacteric, 
except  pregnancy  or  lactation,  when/  sexual  congress  may 
not  result  in  impregnation 

The  exact  parts  taken  by  the  male  and  female  elements 
respectively  in  the  formation  of  the  embryo  are  not  known 
with  certainty;  seeing  that  the  ovum  is  much  larger  than 
the  spermatozoon  it  is  not  uncommon  to  speak  of  the  latter 
as  a  mere  stimulant  or  excitant,  arousing  the  egg-cell  to 
developmental  activity;  but  the  definite  characteristics  often 
inherited  by  children  from  the  father  show  that  the  sperma- 
tozoon is  much  more  than  that;  materials  derived  from  it 
are  no  doubt  an  essential  constituent  of  the  compound  mass 
which  develops  into  the  new  human  being. 

Pregnancy.  When  the  mulberry  mass  reaches  the  uterine 
cavity  the  mucous  membrane  lining  the  latter  grows  rapidly 
and  forms  a  new,  thick,  very  vascular  lining  to  the  womb, 
known  as  the  decidua.  At  one  point  on  this  the  morula 
becomes  attached,  the  decidua  growing  up  around  it.  As 
])regnancy  advances  and  the  embryo  grows,  it  bulges  out 
into  the  uterine  cavity  and  pushes  before  it  that  part  of  the 
decidua  which  has  grown  over  it  (the  decidua  reftexa);  at 
about  the  end  of  the  third  month  this  meets  the  decidua 
lining  the  opposite  sides  of  the  uterine  cavity  and  the  two 
grow  together.  That  part  of  the  decidua  {decidua  serotina) 
against  which  the  morula  is  first  attached  subsequently  un- 
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dergoes  a  great  development  in  connection  with  the  forma- 
ttou  of  the  placenta  (^ce  below).  Meanwhile  the  whole  uterus 
enlarges;  it^  muscular  coat  08i>eeially  thickens.  At  tirgt 
tliG  organ  still  lies  within  the  |)elvi^,  where  there  in  hut 
little  room  for  it;  it  accordingly  presses  on  the  hladderand 
rectum  (see  ¥\g.  163)*  and  the  nerves  in  the  neighborhood, 
frequently  causing  eouBiderable  discomfort  or  pain;  and, 
ix'flexly,  often  exciting  nau^u  or  vomiting  (the  morning 
sid'Henn  of  pregnancy).  Liiter  on,  the  pregnant  womb 
escapes  higher  into  the  abdominal  cavity,  and  although  then 
larger,  the  soft  abdominal  walls  more  readily  make  room  for 
it,  and  less  discomfort  ia  usually  felt,  though  there  may  he 
shortuesH  of  breath  and  palpitation  of  the  heart  from  inter* 
forcnce  with  the  diaphragmatic  movements.  All  tight 
garments  should  at  this  time  be  especially  avoided;  the 
woman's  breathing  is  already  sufficiently  impeded,  and  the 
pressure  may  also  injure  the  developing  child.  Meanwhile, 
changes  occur  elsewhere  in  the  Body.  The  breasts  enlarge 
and  hard  masses  of  developing  glandular  tissue  can  be  felt  in 
them;  and  there  may  l>e  mental  symptoms:  depression, 
anxiety,  and  an  emotional  uer\'oua  state. 

During  tiio  whole  period  of  gestation  the  woman  is  not 
merely  supplying  from  her  blood  nutriment  for  the  fcrtus, 
but  also,  through  her  lungs  and  kidneys,  gelling  rid  of  its 
wastes;  the  result  is  a  strain  on  her  whole  system  which,  it 
is  true,  she  is  constructed  to  bear  and  will  carry  well  if  ia 
good  lieultb,  but  which  ia  severely  felt  if  Bhe  be  feeble  or 
suffering  from  disease.  Many  a  wife  who  might  have  led  a 
long  and  ha|>py  life  is  made  an  invalid  ur  brought  to  ])re- 
mature  <lealh,  tiiruugh  being  kept  in  a  chronic  state  of 
pregnancy.  There  is  a  general  agreement  that  sexual  con- 
tinence is  possible  and  a  duty  in  unmarried  men,  but  the 
hurilvand  rarely  mnaidera  that  he  should  put  any  bounds  on 
himself  beyond  those  indicated  by  his  own  passions;  eonsid- 
enition  for  his  wife's  health  rarely  enters  his  heud  'n\  this 
connection.  The  licalihy  married  woman  who  endeavors 
to  evade  motherhood  because  she  thinks  she  will  thus  pi*e* 
serve  her  personal  apiHjarancc,  or  because  she  dit-likcs  the 
trouble  of  a  family,  deserves  but  little  sympathy;  she  is 
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tiying  to  escape  a  dnty  volantarilj  undertaken,  and  owed  to 
her  husband,  her  country,  and  her  race;  but  she  whose 
strength  is  undermined  and  whose  life  is  made  one  long 
discomfort  for  the  sexual  gratification  of  her  hnsband  d^ 
serves  all  aid,  and  it  is  wrong  to  keep  silent  on  the  subject. 
The  professor  of  gynsecology  in  a  leading  medical  school, 
gives  it  as  his  deliberate  opinion  that  the  majority  of 
American  women  must  at  some  periods  of  their  lives  chooee 
between  freedom  from  pregnancy  or  early  death.  He 
further  says  that  he  does  not  believe  that  healthy  men  are 
so  organized  that  this  matter  can  be  regulated  by  them; 
but  that  the  question  depends  on  the  tact  and  prudence  of 
the  wife.  Men,  however,  as  a  rule,  are  not  utterly  selfish; 
they  commonly  err  through  ignorance  or  thoughtlessness, 
not  knowing  or  realizing  what  a  strain  frequent  pregnancy 
is  on  the  strength  of  a  delicate  woman.  A  social  custom  so 
deep-rooted  and  ancient  as  the  usual  American  and  English 
one  of  married  couples  constantly  occupying  the  same  bed  is 
not  easily  changed,  yet  it  probably  leads  to  much  harm,  and 
especially  in  this  country.  Whatever  the  reason  be,  there  is 
no  doubt  that  the  physical  stamina  of  the  average  English 
woman  is  considerably  greater  than  that  of  her  American 
cousin,  and  she  bears  and  brings  up  large  families  with 
greater  safety.  For  a  husband,  who  has  reason  to  believe 
that  child-bearing  will  injure  his  wife's  health,  to  always 
share  her  couch  is  a  deliberate  walking  into  temptation. 

Apart  from  pregnancy,  moreover,  a  woman's  health  is 
often  injured  by  frequent  sexual  intercourse.  A  physician 
who  has  unusual  opportunities  of  knowing  states  that  he 
has  reason  to  believe  that  not  only  is  the  act  of  sexual  con- 
gress at  best,  from  a  physical  point  of  view,  a  mere  nuisance 
to  tiie  majority  of  women  belonging  to  the  more  luxurious 
classes  of  society  after  they  attain  the  age  of  twenty-two 
or  twenty-three,  but  that  a  very  considerable  proportion  suf- 
fer acute  pain  from  it  such  as,  if  frequent,  breaks  down  the 
general  health.  A  loving  woman,  finding  her  highest  happi- 
ness in  suffering  for  those  dear  to  her,  is  very  unlikely  to  let 

'  husband  know  this,  so  long  as  she  can  bear  it;  but  if 
>088ibility  is  known  it  will  not,  perhaps,  need  much 
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Muteness  in  him  to  discover  such  suffering  when  it  exists, 
nor  Tcry  much  real  affection  to  control  himself  iiccordingly. 
In  the  class  of  cases  referred  to,  rest  of  the  over-irritable 
and  congested  female  organs  is  above  all  essential.  The 
cause  is  frequently  removable  by  simple,  but  skilled,  treat- 
ment; the  desirability  of  rendering  this  available  to  a 
woman  in  members  of  her  own  sex  has  already  been  insisted 
upon. 

Even  when  no  pain  is  caused  harm  may  be  done:  the  presi- 
dent of  the  GyuEBcological  Society,  in  an  address  delivered 
before  that  body,  lately  stated  that  if  either  jmrty  to  a  coi- 
tion fails  of  the  orgasm  damage  is  apt  to  ensue,  but  espe- 
cially to  the  woman  if  she  fail ;  the  organs  are  congested  from 
the  stimulus  of  the  sexual  act  and  the  normal  final  orgasm 
is  required  fur  their  healthy  relief  and  return  to  the  resting 
condition.  If  this  be  so,  it  is 
clear  that  coition  should  be 
restricted  to  times  when  the 
woman's  general  state  encour- 
ages the  orgasm,  and  unless 
she  generally  experiences  it 
sexual  congress  should  be 
avoided  until  her  health  is 
restored. 

The  Foetal  Appendages.  lu 
the  earliest  stages  of  life,  those 
occurring  in  the  days  imme- 
diately after  fertilization  of  the 
ovum,  there  is  little  or  no 
growth.  The  ovum  segments 
into  a  number  of  cells,  but  the  morula  thus  formed  is  little 
larger  than  the  original  egg-cell  itself.  At  first  it  is  a  solid 
masa  (F,  Fig.  8,  p.  26),  but  its  cells  soon  recede  from  the 
centre  and  become  arranged  (Fig.  165)  around  a  central 
cavity  containing  mainly  some  absorbed  liquid;  at  one  point, 
c  (the  embryofial  disk),  the  layer  thickens,  and  from  thence 
the  thickening  spreads,  by  cell  growth  and  multiplication, 
over  the  whole  sac,  which  is  known  as  the  embryonal 
vesicle;  the  membrane  thus  formed  is  the  blastoderm,  and 
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consists  of  throe  cell  layers;  an  outer  or  epihlnaf,  a  middle 

or  incsoblamt,  and  au  inner  or  hifpoblast,     From  this  sinipU 

sac,  presenting  no  resemblance  not  merely  to  a  human  bcinj 

bnt  to  a  vertebrate  animal,  the  foetus  is  built  uj>  by  cell] 

division  and  modlGcalioii.     The  general  history  of  ijjtru-j 

uterine  development  is  much  too  long  and  too  O'Omplrx  to] 

enter  upon  hcrc^  but  the  formation  of  oert:un  fiii'uctur^j 

lost  at  or  before  birth,  and  associated  with  the  protection  andf 

nonrisliment  of  the  embryo,  may  be  attempted:  iheyarctha 

yelh  sac,  the  amnion^  and  the  allantois.     The  deveiupingl 

blastoderm  especially  thickens  in  tlie  neighborhood  of  thftj 

embryonal  disk  and  thexe  the  outlines  of  the  Body  are  firsi 

laid  down.    Along  the  thickening  a  groove  appears,  whicl 

k 
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Tra.  101— A.  an  earljr  blMtoderm  with  the  0nntr«OMor  the  primitive  ffroott; 
B,  the  lame  m  llttlo  later;  /,  i>r)mUiTe  gn>uv»;  d,  thlckeuod  reg^a  of  the  bla»- 
todenn  which  direc-tly  builds  up  the  Pinbrj'o. 

marks  out  the  future  longitudinal  axis  and  dorsal  side  of  th« 
body,  (A,  Fig.  16C).    This  groove  elongates,  its  edges  rise  (BK 
and  finally  arch  over,  meetj  and  fuse  together  above  it.    The 
tube  thus  dosed  in  is  the  rudiment  of  the  cerebro-spinal 
axis;  from  its  hning  cpiblastic  cells  the  brain  and  spinal 
cord  are  developed,  and  its  cavity  remains  throughout  hfe 
as  tlio  ccntrnl  canal  of  the  spinal  cord  and  as  the  cerebral  ven- , 
triclca,,  excluding  the  fifth  (p.  1G5).     Some  way  outside  thii 
dorsal  tube  the  mcsoblast  splits  into  an  outer  leaf,  adherent 
totheepiblast,  and  an  inner  adherent  to  the  hypoblast;  the^ 
conjoined   meso-epiblastlc  layer  is  the  ^omatopleure;   th«^ 
meso-hypoblastic  the  splanchnopleure.     The  proximal  part^ 
of  the  fiomatopleure  {t*e.,  the  regions  nearest  the  central, 
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))  develop  into  tlic  walls  of  che>;t  and  ulnlomen;  farther 
it  turns  up  and  arohea  over  the  b:iok  of  the  rmbi'3'0,  and 
Its  6dges,  there  meeting,  grow  together  and  form  a  bug,  the 
amnion,  cnvelojiing  tht'  foetus.  Into  this  a  considcmble 
ijuantityof  hqnid  is  secreted,  in  which  the  foetus  floats.  At 
birtli  the  contractions  of  the  uterus,  jircssiug  on  the  amnion, 
drive  part  of  it  down  like  a  wedge  into  the  neck  of  the 
utorus,  and  llirough  its  liquid  contents  au  equable  j>res8ure 
is  exerted  there,  until  the  <m'  uferi  is  tolerably  dilated;  the 
sac  then  normally  ruptures  and  the  "waters'"  escape.  Some- 
times, however,  an  infant  is  born  still  enveloixid  in  the 
amnion,  which  is  then  popularly  known  as  a  caul.  While 
the  amnion  is  developing,  a  senii-cartilagiuous  rod  forms 
along  tl»e  axis  of  the  Hody  beneath  the  tioor  of  the  dorsal 
tul>e;  tliis  is  the  iwtochord;  when  it  appears  the  yonng  being 
is  marked  out  distinctly  as  a  vertebrate  animal,  having  a  dor- 
sal neural  tube  above  an  axial  skeleton,  and  a  ventral  heptnal 
tube  (i>.  4),  formed  by  the  jiroximal  regions  of  the  somutu- 
]>leure,  beneath  it.  The  ventral  tube,  however,  is  still  widely 
oj>en,  the  points  where  the  amniotic  folds  turn  back  being 
far  from  meeting  in  the  future  middle  line  of  the  chest  and 
uhdornen. 

The  proximal  portions  of  the  splanchnopleure  incurve  to 
inclose  the  alimentary  tube,  which  is  at  first  straight  and 
simple.  Beyond  the  point  where  it  bends  in  for  this  purpose 
the  splanchnopleure  again  diverges,  and  incloses  a  small 
globular  bag,  the  yelk  sac,  which  is,  thus,  attaclied  to  the 
ventral  side  of  the  alimentary  canal;  it  at  first  projects 
through  the  opening  where  the  amniotic  folds  turn  back, 
hut  has  little  importance  in  the  mammalian  embryo  and  is 
soon  absorbed. 

The  allantois  is  primarily  an  outgrowth  from  the  ali- 
mentary canal,  containing  blood-vessels.  It  passes  out  from 
the  Body  on  the  ventral  side  wliere  the  somatopleures  have 
not  yet  met.  and  reaching  the  inside  of  the  uterus,  Its  distal 
end  expands  there  to  make  the  main  part  of  the  placenta  (see 
below).  It3  narrow  proximal  portion  forms  the  umbilical 
cord,  around  which  the  somatopleures,  incurving  to  in- 
close the  belly,  meet  at  tho  navel  some  time  before  birtlu 
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The  Intra-TTterine  Nutrition  of  the  Embryo.  At  first 
tho  embryo  is  nourislicd  by  absorption  of  materials  frtim 
tho  soft  vascular  lining  of  the  womb;  as  it  increases  iu  size 
this  is  not  sufficient,  and  a  new  organ,  the  placenta^  is 
formed  for  tho  purpose.  The  allantois  plants  itself  firmly 
against  the  decxdua  serotina  (p.  18),  and  villi  developed 
on  it  burrow  from  its  surface  into  tho  uterine  mucous 
membrane.  In  tho  deeper  layer  of  this  latter  are  large 
sinuses  through  which  the  maternal  blood  flows.  Into 
tho  allantoic  villi  foetal  blood-vessels  run  and  form  capil- 
lary networks;  the  blood  flowing  through  these  receives,  by 
dialysis,  oxygen  and  food  materials  from  the  maternal 
blood,  and  gives  up  to  it  carbon  dioxide,  urea,  and  other 
wastes.  There  is  thus  no  direct  intermixture  of  the  two 
bloods;  tho  ombno  is  from  the  first  an  essentially  separate 
and  independent  organism.  The  allantois  and  decidua 
serotina  becoming  closely  united  together  form  the  placenta, 
which  in  the  human  species  is,  when  fully  developed,  a 
round  thick  mass  about  the  size  of  a  large  saucer. 

Parturition.  At  the  end  of  from  275  to  280  days  from 
fertilization  of  the  ovum  (coHception)  pregnancy  terminates, 
and  tho  child  is  eiiKlled  by  ix>werful  coutractions  of  the 
uterus,  a&sistod  by  those  of  the  muscles  in  the  abdominal 
walk  When  the  child  is  bom,  it  has  attached  to  its  navel 
the  umbilical  cv^rd,  through  which  arteries  mn  to^  and 
veins  from,  the  placenta.  Shortly  afterwards  the  latter  is 
detached  and  ex]>elled  (both  its  alhincoic  and  decidual 
|virt$>,  and  where  it  is  torn  loose  from  the  ateiine  wall 
lar^^  bUxHl  sinuses  ore  left  open  and  exposed.  Hence  a 
ivrtain  amount  of  bleeding  occurs,  but  in  nonnal  labc^^  this 
is  sjKvdily  chocked  by  firm  contraction  of  the  nteros. 
Should  this  fail  to  take  place  profuse  hjemiNrrhage  ocnzn 
( /fvHv/iMi?)  and  tho  mother  may  bleed  to  death  in  a  few  min- 
utes unless  prv^mpt  measoivs  are  adopted. 

For  a  few  days  after  delivorr  there  is  somedijcharpe  (t^ 
^v^i,;>  frv»m  the  uterine  caviry:  the  whole  decidna  l«is^ 
brv^kon  down  and  carried  ofl[,  to  be  snbseqcentlT  repiaceii  et 
now  muov^as  membrane.  The  muicalar  fibres  devvk'iKiI  iai 
the  nterine  wall  in  snoh  large  ^uantmes  dartsf  pre^caa^. 
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undergo  rapiil  fatty  degenerutinn  ::n(l  nro  absorbc\K  and 
111  u  few  weeks  rhe  organ  returns  almost  to  its  original 
size.  The  parturlont  womun  is  osiK^cially  ai>t  toliikc  infec- 
tious diseiwes;  and  the?*,  should  they  attack  her.  are  fatal 
in  a  rery  large  percentage  of  cases.  Very  ejKscial  cure 
should  therefore  bo  taken  to  keep  all  contagion  from 
her. 

Tiiere  is  a  current  inii)rc88iou  that  a  jiregnancy,  once 
commenced^  can  be  brought  to  a  prcnutturo  end,  especially 
in  its  early  stages,  without  any  serious  risk  to  the  woman. 
It  ought  to  be  widely  made  known  that  such  a  belief  is 
erroneous.  Premature  delivery,  early  or  late  in  pregnancy, 
is  always  more  dangerous  than  natural  labor  at  the  proper 
term;  the  physician  has  sometimes  to  induce  it,  as  when  a 
malformed  pelvis  makes  normal  parturition  impossible,  or 
the  general  deraugement  of  liealtli  accomjciuying  the  preg- 
nancy 18  Kuch  as  to  threaten  the  mother's  life;  but  the  occa- 
sional necessity  of  deciding  whether  it  is  his  duty  to  pro- 
cure an  abortion  ig  one  of  the  most  serious  responsibilities 
he  meets  with  in  the  course  of  his  professional  work. 

Dr.  Storer,  an  eminent  gynaecologist,  states  emphatically, 
from  extended  observation,  that  '*  despite  apparent  and 
isolated  instances  to  the  coiitrai'y — 

1.  A  larger  proportion  of  women  die  during  or  in  con- 
sequence of  an  abortion,  than  during  or  in  consequence  of 
child-bed  at  the  full  term  uf  pregnancy. 

3.  A  very  much  larger  number  of  women  become  con- 
firmed invalids,  perhaps  for  life;  and — 

3.  The  tendency  to  serious  and  often  fatal  organic  disease, 
as  cancer,  is  rendered  very  much  greater  at  the  so-called 
"turn  of  life,"  by  previous  artificially  induced  premature 
delivery, 

D.iring  pregnancy  there  is  a  close  connection  between 
the  placenta  and  uterus;  nature  makes  preparation  for  the 
safe  dissolutior.  of  rhis  at  the  end  of  the  normal  period, 
but  *•  its  premature  rupture  is  usually  attended  by  ]>ro- 
fuMj  haemorrhage,  often  fatal,  often  persistent  to  a  greater  or 
less  degi'cc  for  many  months  after  the  act  is  completed,  and 
always  attended  with  more  or  less  shock  to  the  maternal 
Bysteui,  even  though  the  foil  effect  of  this  is  not  noted  fur 
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years."  The  same  authority  states  aguiu:  *'Any  deyiation 
from  this  process  at  the  full  term"  (i.e.,  the  process,  asso- 
ciated with  lactation,  by  which  the  uterus  is  restored  to  its 
small  uon-gravid  dimensions)  ''lays  the  foundation  of,  and 
causes,  a  wide  range  of  uterine  accidents  and  disease^  dis- 
placements of  various  kinds;  falling  of  the  womb  downwards 
or  forwards  or  backwards,  with  the  long  list  of  neuralgic 
pains  in  the  bock,  groin,  thighs  and  elsewhere  that  they 
occasion;  constant  and  inordinate  leucorrhoea;  sympathetic 
attacks  of  ovarian  irritation,  running  even  into  dropsy," 
etc.  etc.  There  is,  thus,  abundant  reason  for  bearing  most 
things  rather  than  the  risks  of  un  avoidable  abortion;  among 
these  is  one  not  mentioned  above,  but  more  terrible  than 
all,  insanity. 

Laotatioii.  The  mammary  glands  for  several  years  aftci 
birth  remain  small,  and  alike  in  both  sexes.  Towards 
puberty  they  begin  to  enlarge  in  the  female,  and  when  fully 
developed  form  in  that  sex  two  rounded  eminences,  tho 
breasts,  placed  on  the  thorax,  A  little  below  tlie  centre  of 
each  projects  a  small  eminence,  the  nipple,  and  the  skin 
around  this  forms  u  colored  circle,  the  areola.  In  virgins 
the  areolae  are  pink;  they  darken  in  tint  and  enlarge  during 
the  first  pregnancy  and  never  quite  regain  their  original 
hue.  The  mammary  glands  are  constructed  on  the  com 
pound  racemose  type  (p.  262).  Each  consists  of  from 
fifteen  to  twenty  distinct  lobes,  made  up  of  smaller  divisions^ 
from  each  main  lobe  a  separate  galactophorous  duct,  made 
by  the  union  of  smaller  branches  from  the  lobules,  runs 
towards  the  nipple,  all  converging  beneath  the  areola. 
There  each  dilates  and  forms  a  small  elongated  reservoir 
in  whicli  the  milk  may  temporarily  collect.  Beyond  this 
the  ducts  narrow  again,  and  each  continues  to  a  separate 
opening  on  the  nipple.  Imbedding  and  enveloping  the 
lobes  of  the  gland  is  a  quantity  of  firm  adipose  tissue 
which  gives  the  whole  breast  its  rounded  form. 

During  maidenhood  the  glandular  tissue  remains  imper- 
fectly developed  and  dormant.  Early  in  pregnancy  it  begins 
to  increase  in  bulk,  and  the  gland  lobes  can  be  felt  as  hard 
masses  through  the  superjacent  skin  and  fat.  Even  at  par- 
turition, however,  their  functional  activity  is  wot  fully 
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established.  The  oil-globules  of  the  milk  are  formed  by  .1 
«irt  of  fatty  dogenerution  of  the  gluud-cellH,  whirh  finiillv 
fidl  io  pieces;  the  ercum  is  thus  ret  free  m  the  watery  »iid 
albuminous  secrctinn  formed  siuiultuneuusly,  while  newly 
developed  gland-cells  take  the  place  of  those  destroyed.  l!» 
the  railk  first  secreted  after  accouchmcnt  {i\\Q  colostrum)  the 
cell  destruction  is  incomplete,  and  many  cells  si  ill  float  in  tlio 
liquid,  which  has  a  yellowish  color;  this  first  milk  acta  as  a 
purgative  on  the  infant,  and  probably  thus  serves  a  useful 
purpose,  as  a  certain  amount  of  substances  (biliary  and 
other),  excreted  by  ila  organs  during  development,  are  found 
in  the  intestines  at  birth. 

Human  milk  is  undoubtedly  the  best  food  for  nn  infnnt 
in  the  early  months  of  life;  and  to  suckle  her  child  is  useful 
to  the  mother  if  she  be  a  healthy  wnman.  There  is  reason 
to  believe  that  the  processes  of  invoUuion  by  which  the  hirgc 
mass  of  muscular  and  other  tissues  developed  in  the  uterine 
walls  during  pregnancy  arc  broken  down  and  absorbed, 
take  place  more  safely  to  health  if  the  natural  milk  secretion 
is  eucuuragod.  Many  women  refuse  to  suckle  their  children 
from  a  belief  that  80  doing  will  injure  their  personal  appear- 
ance, but  skilled  medical  opinion  is  to  the  contrary  effect; 
the  naiaral  course  of  events  is  the  best  for  this  purpose, 
unless  lactation  be  too  prolonged.  Of  course  in  many  cases 
there  are  justifiable  grounds  for  amother's  not  undertaking 
this  part  of  her  duties;  a  physician  is  the  ptoper  person  to 
decide. 

In  a  healthy  woman,  not  suckling  her  child,  ovulation  and 
menstruation  recommence  about  six  weeks  afttT  childbirth; 
a  nursing  mother  usually  does  not  menstruate  for  ten  or 
twelve  months;  the  infant  bhould  then  be  weaned. 

When  an  itifatit  cannot  be  suckled  by  its  mother  ora  wct- 
nursoan  important  matter  is  to  decide  what,  is  the  best  focil 
to  substitute.  Good  cow's  milk  contains  rather  more  fata 
than  that  of  a  woman,  and  much  more  casein;  the  following 
table  gives  averages  in  1000  parts  of  milk: 

Woman-  Cow. 

Casein 2».0  M.O 

Butter aj  5  43.0 

Milk  Busar AA.Ti  42.5 

Inorgaaic  maucra 4.75  7.75 
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Tho  inorganio  mutters  of  human  milk  yield,  on  .analysis, 
ill  100  parts— ciilcium  carbonate  C.9;  calcium  phosphate  70.6; 
sodium  chloride  9.8;  sodium  sulphate  7.4;  other  salts  5.3. 
Tiie  lime  salts  arc  of  especial  importance  to  the  child,  which 
has  still  to  build  up  nearly  all  its  bony  skeleton. 

When  undiluted  cow's  milk  is  given  to  infants  they  rarely 
bear  it  well;  the  too  abundant  casein  is  vomited  in  loose 
coagula.  The  milk  should  therefore  be  diluted  with  half  or, 
for  very  young  children,  even  two  thirds  its  bulk  of  water. 
This,  however,  brings  down  the  percentage  of  sugar  and 
butter  below  the  proper  amount.  The  sugar  is  commonly 
replaced  by  adding  cone  sugar;  but  sugar  of  milk  is  readily 
obtainable  and  is  better  for  the  purpose.  If  used  at  all  it 
should,  however,  be  employed  from  the  first;  it  sweetens 
much  lo^  than  cane  sugar,  and  infants  used  to  the  latter 
refuse  milk  in  which  milk  sugar  is  substituted.  Cream  from 
cow  s  mitk  may  be  added  to  raise  the  percentage  of  fats  to 
tho  normal,  but  must  be  j^rfcctly  fresh  and  only  added  to  the 
nulk  immediately  before  u  is  given  to  the  child.  While 
unlk  is  standing  for  the  cream  to  rise  it  is  very  apt  to  turn 
a  little  sour;  tho  anumut  of  this  sour  milk  carried  off  with  the 
cream  is  iiseii  no  harm  when  mixed  with  a  large  bulk  of  fresh 
milk;  it  carries  with  it,  however,  some  of  the  fimgus  whose 
development  causes  the  souring,  and  this  will  rapidly  de- 
velop and  sour  all  the  milk  it  is  added  to  if  the  mixcore  be 
let  stand.As  the  infant  grows  older  less  diluted  cow's  milk 
may  gradually  be  given;  after  the  seventh  or  eighth  month 
no  addition  of  water  is  necessary. 

In  the  tirst  weeks  after  birth  it  is  no  use  to  give  an  infant 
starv^hy  finnls,  as  arrownx*t.  The  greater  part  of  the 
staivh  jKisses  ihrvnigh  the  bowels  unchanged;  apparently 
Uvau:V  the  jvincreas  has  not  yet  fully  developed,  and  has 
iK^c  oommenov^i  to  make  its  starch-convening  ferment 
Vp.  ;Un,  Later  on,  starvhy  substances  may  be  added  to 
tho  d;o:  with  advantage,  but  it  should  bo  borne  in  mind 
tliat  ihoy  oannot  form  the  chief  part  of  the  child's  food:  i; 
Utvds  prv^vnds  for  iho  formation  of  its  tissues,  and  amyloid 
fvsxis  ivnta;;!  :^>no  of  the<o.  Many  infants  are.  ignorantlv. 
ha:f  s:urv\  a  b\  Ivt.iir  fed  alaiv>st  entirely  on  such  things  a^ 
cv>ru-flour  or  arnjwrvvu 
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The  Stages  of  lofe.  SUirtmg  from  the  ovnm  oach  human 
beings  aimrt  from  Jiccidcnt  or  disease,  runs  tlirongh  n  life- 
cycle  which  termiujttes  on  the  average  after  a  course  of 
from  75  to  80  years.  The  earliest  years  are  marked  not 
only  by  mpid  growth  hut  by  differentiating  growth  or  dr- 
velopment;  then  corao-s  a  more  stationary  period,  and  finally 
one  of  degeneration.  The  life  of  Tarious  tissues  and  of 
many  organs  is  not.  however,  coextensive  with  that  of  the 
individual.  During  life  all  the  formed  elements  of  tlie 
Body  are  constantly  being  broken  down  and  removed; 
either  molecularly  (i.e.,  bit  by  bit  while  the  general  size 
and  form  of  the  cell  or  fibre  remains  unaltered),  or  in  mass, 
as  when  hairs  and  the  cnticle  arc  shed.  The  life  of  many 
organs,  also^  dues  not  extend  from  birth  to  death,  at  least 
in  a  functionally  active  stat^.  At  the  former  period 
numerous  bones  are  represented  mainly  by  cartilage.  The 
pancreas  has  not  attained  its  full  development;  and  some 
of  the  sense-organs  seem  to  bo  in  the  same  case;  at  least 
new-born  infants  appear  to  hear  very  imperfectly.  The 
reproductive  organs  only  attain  full  development  at  pu- 
berty* and  degenerate  and  lose  all  or  much  of  their  func- 
tional importance  as  years  accumulate.  Certain  organs 
have  even  a  shll  shorter  range  of  ]»hysiological  life;  the 
thymus,  for  example  (p.  333),  attains  its  fullest  develop- 
ment at  the  end  of  the  second  year  and  then  gradually 
dwindles  away,  so  Uiat  in  the  adult  ncarcely  a  trace  of  it 
la  to  I>e  found.  Tlip  milk-teeth  are  shed  in  childhood,  and 
their  eo-called  i>ermaneut  successors  rarely  last  to  ripe  old 
age. 

Dunng  early  life  the  Body  increases  in  mass,  at  first  very 
rapidly,  and  then  more  slowly,  till  the  full  ^no  is  attained, 
except  that  girls  make  a  sudden  advance  in  this  respect  at 
puberty.  Henceforth  the  woman's  weight  (excluding  cases 
of  accumulation  of  non-working  adipose  tissue)  remains 
about  the  same  until  the  climacterio.  After  that  theix;  is 
often  an  increase  of  weight  for  several  years;  a  maa*8  weight 
usually  slowly  increases  until  forty. 

A£>  old  age  comes  on  a  general  decline  sets  in,  the  nb 
cartilages  become  calcified,  and  lime  salts  are  laid  dowu 
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in  the  arterial  walls,  which  thns  lose  their  elasticity;  ihc 
rcfnicting  media  of  the  eye  become  more  or  less  opaqnc: 
the  physiologiciil  irritability  of  the  sense-organs  in  general 
diminishes;  iiud  fatty  degeneration,  diminishing  their  work* 
iug  power,  occurs  in  many  tissues.  In  the  brain  we  find 
signs  of  less  plasticity;  the  youth  in  whom  few  lines  of 
least  resistance  have  been  firmly  established  is  ready  to 
accept  novelties  and  form  new  associations  of  ideas;  bat 
the  longer  he  lives,  the  more  diflBcult  does  this  become  to 
him.  A  man  past  middle  life  may  do  good,  or  even  his 
best  work,  but  almost  invariably  in  some  line  of  thought 
which  he  has  already  accepted:  it  is  extremely  rare  for  an 
old  man  to  take  up  a  new  study  or  change  his  views, 
philosophical,  scientific,  or  other.  Hence,  as  we  live,  we 
all  tend  to  lag  behind  the  rising  generation. 

Death.  After  the  prime  of  life  the  tissues  dwindle  (or 
at  least  the  most  important  ones)  as  they  increased  in  child- 
hood; it  is  conceivable  that,  without  death,  this  process 
might  occur  until  the  Body  was  reduced  to  its  original 
microscopic  dimensions. 

Before  any  groat  diminution  takes  place,  however,  a 
breakdown  occurs  somewhere,  the  enfeebled  community  of 
organs  and  tissues  forming  the  man  is  unable  to  meet  the 
contingencies  of  life,  and  death  supervenes.  "It  is  as 
natural  to  die  as  to  be  born,"  Bacon  wrote  long  since; 
but  though  we  all  know  it  few  realize  the  fact  until  tlie  sum- 
mons comes.  To  the  popular  imagination  the  prospect  of 
dvin"-  is  often  associated  with  thoughts  of  extreme  suffering: 
personifying  life  people  picture  a  forcible  and  agonizing 
rending  of  it,  as  an  entity,  from  the  bodily  frame  with 
which  it  is  associated.  As  a  matter  of  fact,  death  is  prob- 
ablv  rarely  associated  with  any  immediate  suffering.  The 
sensibilities  are  gradually  dulled  as  the  end  approaches;  the 
nei'vous  tissues,  with  the  rest,  lose  their  functional  capacity, 
and,  before  the  heart  ceases  to  beat,  the  individual  has 
commonly  lost  consciousness. 

The  actual  moment  of  death  is  hard  to  define:  that  of  the 
Body  generally,  of  the  mass  as  a  whole,  may  be  taken  to  be 
the  moment  when  the  heart  makes  its  hut  beat;  arterial 
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pressure  then  falU  irretricTablv,  the  capillary  circulation 
ceases,  and  the  tissues,  no  louger  nourished  fn>m  the  blood, 
gradually  die,  nut  all  at  one  in&tant.  but  one  after  another, 
according  as  their  individual  respirator}'  or  other  needs  are 
great  or  httle. 

While  death  is  the  natunil  end  of  life,  it  is  not  its 
aim — ^we  should  not  live  to  die.  hut  live  prepared  to  die. 
Life  has  its  duties  and  its  legitimate  pleasures,  and  ^e 
better  play  our  part  by  attend  injr  to  the  fulfilment  of  the  one 
and  the  enjoyment  of  the  other,  than  by  concentrating  a 
morbid  and  paralyzing  attention  on  tiie  inevitable,  with  the 
too  frequent  result  of  producing  indifference  to  the  work 
which  lies  at  hand  for  each.  Our  organ;:  and  faculties  arc 
not  talents  which  we  may  justifiably  leave  unemployed;  each 
is  bound  to  do  his  best  with  them,  and  so  to  live  that  he 
may  most  utilize  them.  An  active,  vigorous,  dutiful,  un- 
selfish life  is  a  good  preparation  for  death;  when  that  time, 
at  which  we  must  pass  from  the  realm  controlled  by  physi- 
ological laws,  approaches,  when  the  hands  tremble  and  the 
eyes  grow  dim,  when  "the  grasshopper  shall  be  a  burden 
and  desire  shall  fail."  then,  surely,  the  consciousness  of 
having  "quitted  ns  like  men"  in  the  employment  of  our 
faculties  while  they  were  ours  to  use,  will  be  no  mean  conso- 
lation. 


I 


INDEX  TO  APPENDIX. 


Abortion,  25. 
Allantois,  2S. 
Amenorrboea,  16. 
Amnion,  23. 
Blastiiderm,  21. 
Breasts,  26. 
Budding,  1. 
Caul,  28. 
Cervix  uteri,  10. 
Childbirth,  24. 
Climacteric,  15. 
Clitoris,  11. 
Coni  vasculosi,  6. 
Corpora  caTcrnosa,  7. 
Corpus  luteum,  14. 
Corpus  spongiosum,  7. 
Death,  30. 
Decidua.  la 

Development  of  embryo,  21. 
Discontinuous  growth,  I. 
Discus  proligcnift,  12. 
Displacement  of  uterus,  15. 
Dysmenorrbffia,  15. 
Egg^ll.  4 
Embryonal  disk,  21. 
Embryonal  vesicle,  21. 
Epiblast,  22. 
Epididymis,  6. 
Erectile  tissues,  7. 
Fallopian  tube,  4,  0. 
Feeding  of  infants,  27. 
Fertilization,  4, 17. 
Fcetal  appendages,  21. 
Oalactophorous  ducts,  26. 


Qcmmation,  1. 

Germinal  epithelium,  11. 

Qcrmiual  spot,  12. 

Germinal  vesicle,  12. 

Gland,  mammary,  20. 

Graafian  follicles,  11. 

Hermaphroditism,  4. 

Hernia,  inguinul.  5. 

Histology  of  ovary,  11 ;  of  testis, 

8. 
Hydrocele,  5. 
Hygiene  of  menstruation.  15-  of 

pregnancy,  19. 
Uy  men,  11. 
Hypoblast,  22. 
Impregnation,  17. 
Inguinal  hernia,  5. 
Intrauterine  development,  21. 
Intra-uterine  nutrition  of  embryo. 

24. 
Lactation,  26. 
Lochia,  24. 
Mammary  gland,  2G. 
Membrana  granulosa,  12. 
i   Menstruation,  14. 
Mesoblast,  22. 
Milk,  27. 

Nervi  erigentcs,  7. 
Notochord.  23. 
Organs  of  reproduction.  4. 
Ovary,  4.  8. 
Oviduct,  4,  0. 
Ovulation,  14. 
Ovum,  4,  12, 


&4 


AYDfiX  To  APPEm& 


PartlicDOgODCsis,  4. 

Parturition,  24. 

Penis,  7. 

Placenta,  24. 

Pregnancy,  18. 

Prepuce,  8. 

Prostate  gland.  0. 

Puberty,  18. 

Reproduction  in  general,  1. 

Reproductive  organs,  accessory, 

4;  male.  4;  female,  8. 
Rupture,  5. 
Seminal  fluid,  8. 
Seminiferous  tubules,  5. 
Sexual  reproduction,  8. 
Somatopleure,  23. 
Spermatozoon,  4,  8. 
Sperm-cell,  4, 
Splsnchnopleure,  22. 


SUgcs  of  life,  20. 
Testes,  4,  a 
Tunica  vaginalis,  4. 
Umbilical  cord,  28. 
Urethra,  7, 
Uterus,  4,  0. 
Utricle,  7. 
Vagina,  10. 
Vas  deferens,  6. 
Vasa  recta,  6. 
Yasa  cffcrentia.  6. 
Vesiculs  seminales,  6. 
Vitelline  membrane.  12. 
Vitellus.  12. 
Vulva,  10. 
Yelk,  13. 
Yelk-snc,  22. 
Zona  pellucida,  12. 


